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Abstract 
Building with burnt clay bricks is part of Sri Lanka's engineering culture. To date, bricks 
produced by the island's cottage industry have remained the principal building element in 
the construction of walls. These walls, plastered on both sides, are used mainly as infills or 
partitions in reinforced concrete buildings except for walls in single storey and two storey 
buildings carrying light loads. . 
Neither bricks nor walls in Sri Lanka confirm with standard sizes and vary widely. 
Brickwork joints too vary also, with significant departures from the norms of other 
organised construction industries. These variations result in many problems in the industry 
in what can be described as a disordered or chaotic environment. With material costs far in 
excess of labour, the status-quo continues without regard to impact on time and costs. 
The objective of this research is to develop strategies for coping with this 'chaos' and 
focuses on single brick thick walls. This disorderly environment is profiled with indicators 
of reasons for departures. Procedures and practices adopted for coping with it are presented 
as case studies. Methods for computing mortar volumes are developed and validated. The 
impact of the brick size, joint size, the degree to which the joints are filled, wall thickness, 
and mortar mix is assessed with respect to mortar consumption, brickwork output, and 
costs. 
The study advocates a paradigm shift from the conventional focus of -the 'brick' and the 
'joint' to the 'wall' and its 'width. A wall of a given width may be constructed not 
necessarily with a few discrete sizes of bricks and a standard joint size, but with a variety 
of brick and joint sizes. This research concludes that the generally perceived 'single best 
solution' of standardisation is not necessarily the only approach for coping with the 
existing and emerging future. There are better approaches. It recommends the 'non- 
standardisation' route through chaos using its inherent flexibility to advantage in a 
complex environment. This route is depicted in the form of a map with features of 
'universality' of costs, the 'chapparuflexibility' in the wall width, 'geometry of order' in 
the bed joint, and a 'general specification' for output. The end result is an 'orderly chaos'. 
The chaos described in Sri Lankan brickwork is different to the 'chaos' as outlined in 
chaos theory although exhibiting some similarities. This study shows how concepts 
embodied in chaos theory can be used conceptually and symbolically in furthering 
understanding on issues related to construction management. 
The benefits of this research are not limited to Sri Lanka, but are applicable both regionally 
and internationally. This study whilst laying the foundation for a 'theory on brickwork' 
suggests that rules for plastered brickwork would not necessarily be the same for exposed 
brickwork thereby exploring the advantages of such brickwork. It also shows the value of 
'decision rules' in coping with chaotic phenomena in an emerging future. 
It is argued that 'chaos'presents opportunities for a new 'order'. 
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CHAPTER ONE 
INTRODUCTION 
1.1 Background 
1.1.1 Historical Context 
Fig. 1.1: The Jetawana Stupa, SH Lanka zlý 
H ow did the ancients of Sri Lanka discover the art of laying bricks'? This is as Much an 
opcii question as the discovery of the brick, which is lost in the mist Of ýIntiCjUity. Tile 
kLh0LII- Of Such endeavour, carried on for centuries past, with pride and precision and with the 
pilti-onage of' the Kings of' Ceylon can be seen even to date. The 3rd Century B. C. Thuparama I zlý 
StUpa situated at Anuradhapura (the first capital of' Ceylon founded in the 5th Century B. C. ) 
erislirining two relies of the Buddha is ample testimony to this saga. Far more majestic is the 
, )rd 
CCIItLIi-y A. D. Jetawana StUpa built of' bUrnt clay bricks 'and MUd mortar, 400 fect lii, -, 
h mid 
370 feet in diameter. This is widely believed to be the mightiest burnt clay brick mass of its 
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kind on earth using some 62 million large size bricks of approximately 18"x9"x2", the volume 
of which is claimed to be sufficient to build a wall one foot thick and ten feet high extending 
from London to Edinburgh! (Tennent, 1860, Silva, 1990) 
Though the Jetawana Stupa stands as the largest completed brick structure of its kind, had the 
proposed 12th Century A. D. 625 feet high Dernalamahaseya been completed (now being 
conserved under the Cultural Triangle Project, UNESCO, Sri Lanka), not only would it have 
been the worlds largest brick structure of its kind but would have been the largest of all the 
structures built to contain human remains - even larger than the pyramids of Egypt! It is 
claimed that these burnt clay bricks would have had to resist a pressure of 150 pounds per 
square inch if constructed. And tests carried out showed a factor of safety of four (Silva, 
1982), more than adequate for carrying the loads. 
The use of burnt clay bricks have not only been limited to the construction of stupas. They 
have been used for a wide variety of other structures such as palaces, temples, monasteries, 
fortification walls, tanks and bunds, sluices, bridges and dams. (Tissera et al, 1990). A 
building of particular interest in Polonnaruwa, the medieval capital of Sri Lanka (from the 
Ilth-13th Century B. C. ) encircled by three fortification brick walls is the Lankathilaka 
(Omament of Lanka). The Chronicles describe it as a 58 foot high charming five storey 
building which houses statuary, turrets, grottoes, apartments and halls. Many other impressive 
monastic monuments are gathered within the encircling brick walls of this ancient city apart 
from the intricate hydraulic engineering structures outside it. 
Sizes 
The use of large size bricks (though thin, perhaps in order to facilitate the drying and better 
burning) would have made construction fhster especially in their use in the construction of 
large structures such as 'stupas', fortification walls, palaces and temples. However, with the 
passage of time the size of the brick had gradually diminished (Fig. 1.2). The reasons for this 
decline is unclear; perhaps a drastic reduction in such large-scale structures and irrigation 
works especially after the 13th Century, or the influence of bricklaying practices of the 
Portuguese, the Dutch and the British - the colonial rulers of Ceylon from the early 16th 
century. In addition, the difficulties of handling larger units (Bower, 1983, p. 78) coupled with 
the need to economise resources would also have been contributory. 
It is seen that this decline is significant especially with respect to the length and breadth of the 
brick rather than the decline in the height with the length reducing almost by about 100% to 
the early 19th century length of 9"(225 mm). Although the height too had reduced (up to the 
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12th century), its decline is not as significant as that of the length or the breadth. Its height, 
had reduced from about 3"(75 mm) to 2" (50 mm) up to the 12th century A. D. although there 
appears to be an increase later to about 2.5" (63 mm) in the 19th century, implying the 
influence of the size of the then British brick. (Note that due to a lack of data the position after 
the 12th century is unclear. A straight line has been used to connect points merely to show a 
trend and does not imply continuity. ) Indeed, this phenomenon of decline appears to be 
universal when one reflects on bricks sizes of 13"xl3"x3" used in Babylon and 24"x24"2" 
used in Rome. 
The Decline of the Brick Size 
20 
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Fig. 1.2: The decline in the brick size in ancient Sri Lanka 
(Source: Parker, p. 214, up to 12th century) 
Dimensional relationships of bricks 
The length of modern day bricks are approximately three times its thickness and the breadth is 
half the length. However, with respect to ancient bricks it is seen that in the earliest times the 
length was commonly about six times the thickness, and the breadth was about half the length 
(as of today). Afterwards the length was reduced to about five or even four times the 
thickness, though it never reached the English ratio of three times the thickness. The breadth 
also latterly varied between one-half and two-thirds of the length, but was commonly near the 
latter ratio (Parker 1984, p. 216). Again the reasons for adopting such relationships in ancient 
times are not clear. 
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Mortars 
The mortar used for the stupas were distinctly the clay-slurry type: 'the King commanded that 
the clay be spread over the layer of stones. (foundation) and that bricks then be laid over the 
clay ... everywhere throughout the work with the clay called butter-clay serve (as cement)' 
(Geiger, 1986, pp. 191-192). However, various other types of mortars have been used with 
different ratios of materials such as lime, clay, sand, pebbles, crushed sea shells, together with 
various resins of woodapple, sugar syrup; white-of-egg, coconut water, plant resin, drying oil, 
glues and possibly even the salvia of the white-ants. The application of such formulae had 
been dependent on factors such as economics, availability and the conventions covering 
different periods of time (Silva, 1982). 
Size of mortar joints 
A significant feature of ancient construction in relation to the size of mortar joints is the 
absence of 'thick' mortar joints be it in large structures such as stupas or in walls of temples 
(i. e. less than 1/2"). For example, in the construction of stupas the ancient builders 'dispensed 
with the mortar joints and reduced such spaces to zero height ... and transn-dtted the load 
from 
one brick directly to another and through an intermediary layer of mortar... The fact that there 
was a distinct roughening on one of the two flat sides of each brick, the clay slurry was 
trapped in these crevices and thereby, provided an adhesion which prevented any lateral 
movement' (Silva, 1982). If thicker mortars had been used being much weaker than burnt clay 
bricks it would have settled or crushed under the heavy pressures of these large structures. 
This practice of not using thick mortar joints appears to have continued well into this century. 
Wall Sizes 
Although no firm quantitative data are available with respect to sizes of walls either in ancient 
constructions or structures built during colonial rule, remaining ancient walls are much 
broader (in keeping with the larger brick sizes) as against the 'nine-inch' walls of the early 
19th century. 
Laying practices 
It appears that brick bonding principles had been strictly adhered to as no vertical or horizontal 
joints are generally met (even in the construction of large stupas) although the system is not 
considered to be as explicit and conventionalised to the extent of English and Flemish 
bonding. 
Types of brickwork 
In ancient stupas and many other buildings (such as temples) their finished surfaces have 
always been plastered. With bricks laid with clay slurry the need for such a coating is 
understandable in an island with heavy monsoonal and intermonsoonal rains. Buildings 
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constructed during the rule of the Portuguese and the Dutch also appear to have been 
plastered. Exposed brickwork has never been used except during the rule of the British. The 
Transworks Building (now housing the World Trade Centre), the Royal College building (the 
oldest school in Sri Lanka) and the Nuwara Eliya Post-Office are buildings with exposed 
brickwork exquisitely finished like the many brick buildings seen across Europe and the 
United Kingdom. However, examples of such buildings are few in number and attempts at 
constructing such buildings (in the more recent times) show poor finish arising mainly out of 
poor quality bricks (for example the Summit Flats, Colombo, built in 1976). 
Costs 
During the time when these massive structures were built in ancient Ceylon the question on 
the cost of materials never arose. Clay which was available in the vicinity of these structures 
was used for the manufacture of the bricks and even for making mortar: "The fine clay that is 
to be found on the spot, forever moist, where the heavenly Ganga [i. e. river] falls down ... is 
called because of its fineness, 'butter-clay' ... ' (Geiger, pp. 191-192). Although materials were 
free, labour had to be paid for except when work was done on 'shramadana' ('shrama' 
meaning effort and 'dana' meaning donation, i. e. free labour). Use of the large size bricks, as 
used in the ancient times, though ideal for economising the labour costs of construction, would 
not be similarly ideal from the point of view of manufacturing them. 
Salient features 
Salient features of the past may be sumnlarised as follows: Large, strong burnt clay bricks 
have been used in a wide variety of structures. 
' 
The size of the brick had diminished 
significantly with the length reducing almost by 100%. This phenomenon appears to be 
universal. The inter-relationship between the length, breadth and the height has also changed 
over the years. The reasons for these changes are not clear. Different types of mortars have 
been used depending on economics, availability and the 
' 
conventions covering different 
periods of time. Brickwork joints have not been thick. In fact, in the construction of the large 
stupas they were reduced to almost nothing. With the declining size of the brick, sizes of walls 
declined too to a early 19th century size of 9". Brick bonding principles appear to have been 
adhered to though not to the extent of either English/Flemish bonding. The bricklaying 
practice during colonial rule appears to have been influenced by the Dutch where mortar is 
rammed or filled into the joints unlike the British practice of buttering the brick before being 
laid. Brickwork has always been plastered except for a few buildings built during the British 
rule. Costs have been important too except in the construction of large religious buildings. 
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1.1.2 The Modern Era 
The fact that brick has been used for centuries in Sri Lanka and rarely if ever imported makes 
building with bricks part of Sri Lanka's engineering culture. 
Bricks produced by a cottage industKy 
Despite the technological advances in manufacturing technology from the dawn of the 
industrial revolution in the 17th century, brick production in Sri Lanka has by and large 
remained much the same, functioning as a 'cottage industry'. However, a handful of private 
concerns and two State controlled organisations have ventured into mechanised brick 
production whose products are marketed at a higher price - often around 3 to 4 times the price, 
of a 'cottage' brick. 
Sustainin demand and competition 
Though a 'cottage-industry' it has being able to meet the demands imposed upon it. It has also 
sustained competitions from modem materials of construction including the cement block - 
it's closest competitor, except in the construction of parapets walls where unplastered cement 
block walls have become common. However,, the use of the brick in the construction of 
buildings is still the major form of construction. Nevertheless, problems related to its quality, 
its small size, poor appearance, and low strength, need to be examined and resolved. 
Use in non-load bearing or lightly loaded situations 
Strength was of concern in ancient times as when having to resist heavy loads of the massive 
stupas. But in today's context, it has little relevance, being used mainly in partition walls or 
in- fill walls. In most cases the load of the structure is carried by a system of reinforced 
concrete columns and beams. Even in construction of single storey buildings where walls carry 
the roof loads it can be shown to be marginal when compared with the carrying capacity of 
walls built with existing bricks (note that in Sri Lanka there is no snow load. ). Discussions 
with Mr. D. R. N. Ferdinando, the Chief Design Engineer of the State Engineering Corporation, 
a premier semi-government organisation involved in the design and construction, confirmed 
these views (1992/93). Kodikara (1996) supported these observations. It was shown that 
existing bricks were more than adequate even for load bearing two storey residential buildings, 
26 panels of brickwork in 1: 8 cement sand mortar having been tested. In fact, these noa-load 
bearing walls could have been built using sun-dried clay bricks with plaster on both sides to 
last a century (de Vos, 1977). 
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Preference of brick walls 
The 1981 Census of Population revealed that walls in 52.3%, of urban households were 
constructed with burnt clay bricks; cement blocks accounted only for 16% (NARESA, p. 36). 
A growing tendency though, is the substitution of the brick with cements blocks, especially in 
the construction of factories., Nevertheless, it appears that bricks are the principal walling 
material used currently irrespective ofthe type of building. 
What are the reasons for this apparent preference? Many factors appear to be contributory. 
Firstly, the common brick has always been freely available. There has never been a shortage in 
living memory. For many, living in a house built with burnt clay bricks is a prestige symbol. In 
the hot and humid conditions which prevail in Sri Lanka, brick buildings are considered to be 
cooler (de Vos, 1977) than when built with cement blocks - its closest competitor. (One has 
only to stay under a concrete roof to perceive this! ). However, it has been pointed out that this 
is due to lack of ventilation. In a recently completed housing project for the NHDA (Manning 
Street Housing Complex, 1995/96), a policy decision was taken to substitute bricks for cement 
blocks due to problems in construction and maintenance associated with the cement blocks. 
Cement blocks are a comparatively new material of construction compared with bricks which 
have been used for centuries. Perhaps, there is a lack of knowledge on the advantages (or 
disadvantages of other construction materials). However, as explained before, brick is still the 
principal unit used for construction of walls in Sri Lanka. For example, a leading house 
builder uses the catch phrase 'built with bricks to last a century' as a 'marketing strategy'. 
Plastering brickwork on both surfaces 
The preference of brickwork has not come without another attribute. Used mainly in the 
superstructure of buildings, all walls are plastered on both faces (as in the past) which makes 
buildings with exposed brickwork rare today, as explained before. This distaste for unplastered 
walls, appear to stem from social considerations rather than from technical considerations. For 
example, it is claimed that exposed brickwork often makes it easier for rats and reptiles to 
climb walls with unpleasant consequences. The many joints harbour dust and cob-webs 
making it troublesome to clean. The walls are considered to be too rough. The many 'crevices' 
in exposed brickwork makes it easier for plant growth, especially when its damp with 
associated maintenance problems. The initial purchase costs of 'machine made' bricks used 
for exposed brickwork are much higher, often three to four tim--s the common brick. Sri 
Lankans appear to like the use of colour even in exterior walls. In the relatively few buildings 
that can be seen exposed brickwork has even been painted in some situations! These are some 
of the reasons why common brickwork with plaster on both sides are preferred over exposed 
brickwork. 
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Lack of importance attached to the appearance of local bricks 
Perhaps, the fact that brickwork is always plastered is one main reason for the lack of 
importance attached to the appearance of common bricks - dusty and unshaply - unlike the 
brick used in the UK. Thus on the face of it, 'the low-strength and the poor-appearance' of the 
common brick does not seem to matter when used as infill panels, partitions or when carrying 
light loads. Surprisingly, there appears to be a striking balance between the 'low strength - 
poor appearance - hand made bricks' due to the preference of using plastered walls! 
Applications 
Applications of brickwork (using hand made burnt clay bricks) in the modem day appear to 
concentrate in the super structure of a building either as single brick thick or half brick thick 
walls, with the former accounting for a greater volume of bricks used. Other sizes are rarely, if 
ever, found to be in use. Most such applications have either been in non-loadbearing 
situations or in lightly loaded situations as explained earlier. 
Sub-contracting 
A significant feature of the local construction industry is the shift towards labour sub- 
contracting. Whilst materials are provided by the client or the main contractor as the case may 
be, trade activities such as brickwork or plastering etc. are undertaken on a piece-rate. This 
practice is common both in the formal and informal sectors of the industry especially when 
projects are located in major cities. 
Salient features 
Local burnt clay bricks are produced by a cottage industry and have sustained unprecedented 
demand. These are mainly used in the construction of non-load bearing walls or lightly loaded 
walls with the strength considered to be adequate even for carrying loads of two storey 
residential buildings. Brickwork is both socially and commercially preferred despite the 
availability of alternative choices; however, blockwork appears to be its closest competitor. 
Almost all walls are plastered on both sides, perhaps being one of the reasons for lack of 
concern for its appearance. Applications are limited to either single brick or half brick thick 
walls with the former accounting for greater use. 
1.1.3 The Roots of this Study 
In 1986, a meeting of eminent industry personnel including officials from large client 
organisations, contractors, consultants, universities and other research & development 
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. organisations 
was organised by the Sri Lanka Standards Institutions (SLSI) under the auspices 
of the Ministry of Local Government, Housing and Construction. The Commissioner of 
Internal Trade was also invited to be present at this meeting. The principal objective of this 
meeting was to discuss ways and means of ensuring the production of a brick conforming with 
the relevant Sri Lanka Standard in view of the deteriorating 'standard' of the local brick. 
Whilst no records are available of the minutes of this meeting, it is understood that the 
consensus reached there was to instruct government agencies to prohibit contractors from 
using non-standard size bricks. As a means of facilitating this process, a decision was taken to 
make such bricks available through the retail outlets of the now defunct Building Materials 
Manufacturing Corporation (BMMC) either by going into production or by procuring bricks 
by sub-contracting. The Commissioner of Internal Trade was also requested to see whether the 
production of non-standard bricks could be made illegal by law under the Consumer 
Protection Act. 
At same time, research into the cost effectiveness of Sri Lankan brickwork was undertaken by 
the researcher involving a Kiln Survey and a Site Survey to study the variations in brick sizes. 
(Abeysekera, 1987). It was established that bricks available in Colombo (the commercial 
capital of Sri Lanka) were produced in variable sizes and also varied from site to site. 
Furthermore, it was shown that the sizes of brickwork joints also varied with values much 
greater than the 10 mm joint prescribed in 'standard specifications (Abeysekera, 1987, pp. 16- 
18). 1 
Although the BMMC commenced production of standard size bricks and a Treasury Circular 
was issued to the effect that all government projects should use materials conforming with the 
relevant standards published by the SLSI, the status-quo prevails with scant regards to costs. 
The existence of various sizes of bricks when used with different joint sizes invariably results 
in walls of different thickness. Alternatively, if the walls were of standard width then it would 
result in non-standard joints. And such variations in joint sizes would amount to variations in 
standard lap lengths. In fact, quite apart from other aspects which came to light during the 
course of this study, such deviations from accepted norms of organised industry would 
undoubtedly be labelled as 'chaotic'. 
The inspiration for this study was drawn from this background reflecting on the grandeur of 
brickwork in ancient Ceylon as against the perceived 'chaos' in modem times together with a 
desire to propose pragmatic solutions to thý current situation. 
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1.2 Objectives 
Against this background, the principal objective of this research is to recommend strategies for 
coping with the perceived 'chaos' in 'Sri Lankan brickwork' in relation to joint sizes, brick 
size and wall thickness, with respect to single brick thick walls. 
In order to achieve this objective it is necespry - 
(a) to identify features and characteristics of Sri Lankan brickwork, with special 
reference to the variables mentioned above; 
(b) to investigate practices and procedures adopted by brick producers, 
clients/consultants and contractors/sub-contractors; 
(c) to probe and assess the reasons for departures from accepted/established norms 
of organised industry and identify ways and means of coping with them; 
(d) to assess the impact of these variations on hourly output of brickwork 
operations; and 
(e) to investigate the impact of these variables on the overall cost of brickwork 
with respect to the past, present and the future. 
The term 'Sri Lankan brickwork' refers specifically to non-load bearing walls though 
extended to cover walls carrying light loads, which are constructed using burnt clay hand 
made bricks. 
1.3 Rationale 
In view of the widescale use of brickwork as a principal construction activity in Sri Lanka 
there is a paramount need to focus on issues related to the use of bricks and mortar. This 
situation necessarily requires an examination of all aspects related to the study variables from 
production to construction. This is necessary to understand the impact of the many factors that 
affect these variables and to assess the reasons for departures from norms of organised 
industries. 
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Cost considerations are a powerful mechanism for coping with chaos. Unnecessary 
expenditure amounts to waste. At the national level, it amounts to less projects for the people. 
At the project level, it amounts to greater costs to a client or even lower profits to a contractor. 
Therefore, strategies for managing scare resources economically should be of benefit to all 
concerned. 
Investigations during the course of this study revealed that material costs far outweighed the 
labour costs being more than three times that of labour (Fig. 1.3). This is very different to the 
situation one may observe in developed countries where material costs are found to be either 
greater or in par with the labour costs (See Table 1.1). This 'realisation' shifted the focus of 
this study (i. e. on Sri Lankan brickwork5 to material costs from labour costs (which is a 
subject of extensive investigation by many researchers through productivity studies) as there 
appears to be greater opportunity to 'economise' the cost of brickwork by focusing on these 
material issues. The importance of labour to this study reduced further in view of the frequent 
use of labour sub-contractors who do not vary their rates with respect to the study variables 
(Abeysekera & Munasinghe, 1996). Nevertheless, it is important to examine the impact of the 
study variables on hourly output of brickwork. 
Cost Bements of Single Brick Thick Walls 
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Fig. 1.3: Cost elements of single brick thick walls - Ground floor, 
mix 1: 5 cement sand (1990, as per Appendix 1.1) 
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Table 1.1 
Proportions of labour cost and material costs related to single brick thick walls 
in different countries 
Country Material/Lab Year Remarks 
Ratio 
Bangladesh 12.49 1996 10" thick brickwork in 1: 6 cement sand mortar; see 
I Appendix 10.1 (10" x 5" x 3" bricks) 
'8ri, -Lank'a' 3.41 1990 9" thick walls; see Appendix 1.1 
U. K. 0.80 1989 215 mm walls; common bricks in gauged mortar 
1: 1: 6 one brick thick (Spon's price book) 
India 2.69 1986 9" thick walls; second class brickwork in cement 
mortar 1: 6 cement fine sand mortar; (Vaziarani & 
Chandola, p. 47) 
Pakistan 3.81 1966 8" thick walls; Vx4"O" brick; mix unspecified. 
I (Hasan, 1966, p. 13. ) 
Furthermore, the chaos in the study variables pose various difficulties, as for example when 
estimating unit rates or ordering materials, to name a few. It is useful to ascertain how industry 
has coped with such variations. These and other issues need to be examined in order to 
understand the situation in depth. A study of the contextual conditions would also be useful in 
order to ascertain the practices and procedures adopted when coping with these variations. 
The 'conventional wisdom' on brickwork advocates the use of 'standard sizes' the world over 
with regard to bricks, brickwork joints, lengths - heights - thickness of walls, not without 
sound reason. However, these 'sound reason - standard choices' do not necessarily guarantee 
economy, efficiency and effectiveness. 
1.4 Research Methodology 
1.4.1 Introduction 
A brief outline of the methodology adopted in this research is given in this Section. Detailed 
descriptions are provided where necessary in the relevant Chapters (as for example in Section 
4.2 with respect to case studies, Section 6.2 on the procedure adopted for the development of 
methods of computing mortar volumes, and Section 8.2 on the impact of the study variables 
on output). 
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1.4.2 An Overview 
Research methodology is the procedure adopted in achieving the objectives of a research. A 
simplified overview of this process may be stated as: research design; data collection; data 
processing; and analysis (adapted from Babbie, 1986 p. 85). 
1.4.2.1 Research Design 
According to Lin (1994), research design is the 'logic that links the data to be collected (and 
the conclusions to be drawn) to the initial questions of a study... In the most elementary sense, 
the design is the logical sequence that connects the empirical data to a study's initial research 
questions and, ultimately, to its conclusions'. Usually, this process may involve 
sconceptualization', making a choice of the 'research method(s)' to be employed, 
&operationalization', and 'sampling'. 
Conceptualization 
Conceptualization is the process through xyhich precise meanings are given to the terms that 
are used. This arises usually when concepts are being studied, as for example, motivation. The 
end product of conceptualization may be the specification of a set of indicators of which may 
indicate the presence or absence of the concept being studied. However, it is quite possible, 
that the research concerned does not involve the study of such concepts. If so, it is perceived 
that this may not be a significant step of the research design. 
Research Methods 
A variety of research methods are available. These include, experiments, survey research, field 
research, content analysis, historical research, comparative research and evaluation research 
(Babie, 1989). This list, however, does not include case study research. As pointed out by Yin 
(1994), it has not been considered as a powerful research method until recently. Each of these 
methods have strengths and weaknesses, and have to be chosen depending on the 
investigation; they may also be used in isolation or in combination. 
Operationalization 
Having conceptualised, chosen the research method, it is necessary to create measurement 
techniques. This process is referred to as operationalization and are the 'concrete steps or 
operations that will be used to measure specified concepts'. Although, 'operationalization' 
13 
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would not arise in the absence of 'conceptualisation', in most types of research, there is bound 
to be some form of measurement. 
Sampling 
Once the above mentioned activities are complete, a decision must be made about who or what 
to study. The chief criterion of the quýlity of a sample is the degree to which it is 
representative of what is to be studied. Many different types of sampling techniques are 
available and is well documented in literature. 
1.4.2.2 Data Collection, Data Processing and Analysis 
This stage is self explanatory; much care needs to be taken during the stage of data collection 
and its processing in order to make valid, reliable and generalizable conclusions and 
recommendations. 
1.4.3 This Study 
A comprehensive literature review covering brickwork, productivity, economics of brickwork 
construction, and various related areas was undertaken both in Sri Lanka and in the UK. In Sri 
Lanka, publications in Sri Lankan universities were accessed. All undergraduate and post- 
graduate research projects in courses leading to degrees in civil engineering, building 
economics, architecture, and construction management at the University of Moratuwa, 
University of Peradeniya and the Open University of Sri Lanka were reviewed and relevant 
thesis studied. In addition, a search was made at the libraries of the Institution of Engineers Sri 
Lanka, Centre for Housing, Planning and. Development (CHPB), Institute for Construction 
Training and Development (ICTAD), National Building Research Organisations (NBRO), Sri 
Lanka Standards Institution (SLSI), The National Museum of Sri Lanka, Postgraduate Institute 
of Management and at other organisations. This survey was continued throughout the study 
period. 
A simplified outline of the 'logical sequence' of the research procedure adopted in this study 
is presented in Figure 1.4. As explained in Section 1.4.1, detailed descriptions are provided 
where necessary in the relevant Chapters. 
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The term 'chaos' as used in this study means 'disorder' or 'utter confusion' and has been used 
in its general sense. On the other hand, 'order' or 'disorderly order' has been used to mean a 
state where outcomes are engineered, or planned applying knowledge wisely. 
For the purpose of data collection, the study concentrated initially on sites in and around 
Colombo which is the commercial capital of Sri Lanka. It is also the most populous urban city 
(See Appendix 1.2) as is the district in which it is situated (NARESA, 1991, P. 46). Later, it 
was extended to other populous cities, as necessary. 
The bulk of the data obtained for this research was from direct field observations (i. e. akin to 
the field method of research where an observer makes direct observations of the activities that 
go on). In contrast, the survey method does not make direct observations as such, but uses say 
a questionnaire to obtain information about ap issue being researched. The latter method was 
used with respect to the bricklayer survey (Appendix 7.1) and the engineer survey (Appendix 
7.9). A survey conducted to obtain regional information from India, Bangladesh and Pakistan 
(Appendix 10.1) has not been included in the methodology map shown in Fig. 1.4. 
A researcher employing the field research method has the option of taking four different roles, 
i. e. complete participant, participant-as-observer, observer-as-participant, and complete 
observer. The approach taken in this study is one of being a 'complete observer', a role, which 
is commonly adopted. For example, when data were collected by the activity sampling studies, 
the researcher adopted the role of a 'complete observer'. 
Another technique used extensively for collecting data in field research is 'interviews'. It 
permits deeper probes of responses to questions. There is opportunity to clarify questions, if 
need be. Furthermore, it affords the opportunity to observe as well as ask questions. (In fact, it 
provides the opportunity to take measurements as well. ) 
Most of the interviews conducted in this research were semi-structured, meaning that there 
was a general plan of inquiry (using an interview guide) but not a specific set of questions that 
must be asked in precisely in a particular order (as in Appendix 3.2: Yjln Survey, Appendix' 
7.8: Design Office Executive Survey, and Appendix 9.5: Contractor Survey). In order to elicit 
unbiased responses to questions, care was taken to ensure that the researcher remained 
$neutral' on various issues. The purpose of the interview was explained as a 'study on Sri 
Lankan brickwork. 
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The practices and procedures adopted in the management of brickwork operations at 
construction sites were undertaken by the us6 of the case study method of research. Various 
data collection techniques were used including, observations, interviews, examination of 
archival records, etc.. The process adopted is discussed in Chapter 4. 
Most of the samples selected for observation in field research were based on the 'judgmental' 
technique. The basic philosophy underlying'this technique is the selection of a 'sample of 
observations that ... will yield the most comprehensive understanding of [the] subject of study, 
based on the intuitive feel for the subject that comes from extended observation and reflection' 
(Babie, 1989, p. 246,247). 
There were several considerations for selecting the judgmental method of sampling. For 
example, it was not possible to adopt probability sampling due to practical reasons. Nor was it 
considered absolutely essential for this research. Various other non-probability sampling 
techniques were available, such as quota sampling, deviant case sampling, and snow ball 
sampling. Whilst the latter was irrelevant for this study, samples could have been selected by 
quota sampling but for the lack of data available to build a matrix of the target population. As 
such, it could not be employed meaningfulli though the ideas embodied in this method was 
useful for selecting samples using the judgmental method. As for the third type, i. e. the 
deviant case sampling involves the selection of cases which do not fit into the regular patterns 
that may be expected and the case studies that are described in Chapter 4 broadly falls into this 
category of sampling. 
As usual standard forms were prepared for collecting data and are given in the Appendices. 
Even in unstructured interviews, forms were developed to record details of discussion. 
Nothing was left to memory. Often sketchy notes were re-written not in summary form but as 
detailed as possible. 
During the latter part of this research (23rd August, 1996) a seminar was organised to present 
the research findings and to obtain a feed back from industry. Apart from the three papers 
presented by the researcher there were two papers of topical interest presented by two senior 
lecturers of the University of Moratuwa. Specific issues that arose with respect to this research 
are addressed in thesis (for example in sections 7.4.2.3 and 7.4.3.1) and were useful for 
developing further the arguments contained in this thesis. The seminar was well attended. (See 
Appendices 7.7 and 7.10). The general consensus was that research findings were invaluable 
and steps should be taken under the patronage of ICTAD to reach national consensus. 
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1.6 Achievements 
The conventional focus in brickwork has been the 'brick' and the 'joint'. This research shows 
that there is a need to shift this focus to the 'wall' and its 'width', especially when dealing 
with brickwork which is plastered on both sides. 
A wall of a given width may be constructed not necessarily with few discrete sizes of bricks 
with a standard joint size of 10 mm, but with a wide variety of brick sizes and joint sizes, with 
endless possibility. It is the versatility of the 'chapparu' that makes this possible. 
The generally perceived 'single best solution' of standardisation is not necessarily the only 
approach for coping with chaotic phenomena. There are better approaches. This research 
recommends the 'non-standardisation' route through chaos which is described in Section 10.2. 
Paradoxically, the only constant is change. Static approaches in such an environment, as 
depicted by the standardisation route, is necessarily rigid. In contrast, the 'non-standardisation' 
route has much promise due to its inherent flexibility to cope with changing situations. 
This flexibility provides choice and with it dawns opportunity for optimisation, but in a 
complex environment. In the pursuit of 'intrinsic' features of brickwork, the research finds 
that there is 'universality' in the route through chaos with respect to brickwork costs. A simple 
set of 'decision rules' are provided for rapid identification of potential optimisation scenarios, 
so as to capitalise on such opportunities. Furthermore, these 'rules' provide directions for 
maximising cost benefits. With respect to output, a 'general specification' is provided to 
guide decisions and along with a methodology in the form of a 'scenarios manager' to assess 
impacts. Thus, complexity becomes simplistic. 
The benefits of this research are not limited to Sri Lanka but are applicable both regionally and 
internationally. This research also lays the foundation for a 'theory on brickwork'. for 
generations brickwork has been practised without providing a systematic explanation for its 
practices. It also suggests that rules for plastered brickwork would not necessarily be the same 
for exposed brickwork thereby exploring the advantages of such brickwork.. Furthermore, it 
has shown that concepts embodied in 'chaos theory' can be used conceptually or symbolically; 
it also provides a useful framework to improve the understanding of various issues affecting 
construction management. 
Clearly, 'chaos' presents opportunities for a new 'order'. 
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1.7 Thesis Outline- 
The Thesis consist of ten chapters. Fig. 1.5 presents a schematic diagram of its structure. 
Following this introduction in Chapter 1, Chapter 2 consist of literature reviews mainly on, the 
practice of brickwork, previous research on economics of brickwork construction, 
productivity, research techniques, and chaos theory. Only those reviews which have not been 
dealt under relevant chapters have been included in this Chapter. 
Chapter 3 provides a profile of the chaos in Sri Lankan brickwork with special reference to the 
study variables. Whilst presenting industry manifestations due to issues such as the decline 
and the diversity of the brick size and brickwork joints, it also presents insights on the reasons 
for such manifestations. 
Chapter 4 assist in reinforcing the findings in Chapter 3, but goes further by examining the 
process of managing brickwork operations in construction projects using the case study 
methodology. These case studies assist in bringing to focus problems and pitfalls of managing 
brickwork operations especially in large building projects. More importantly, they provide a 
wealth of knowledge on practices adopted by builders when coping with the variations in the 
study variables. 
Chapter 5 demonstrates the theoretical framework adopted for computing mortar volumes with 
respect to walls with different sizes of bricks and brickwork joints. In doing so, it highlights 
the uniqueness of Sri Lankan brickwork with respect to the emergence of a new brickwork 
joint labelled the 'chapparu joint'. Three uiodels are proposed along with a qualitative 
assessment of these methods. A methodology for coping with different sizes of joints and for 
quantifying different degrees of mortar fullness in brickwork joints are also presented. In 
addition, a basis for disaggregfing the mortar volumes into volumes of their basic materials is 
also presented. 
Chapter 6 presents the methodology adopted for the -development and refinement of the 
methods proposed in the earlier chapter. Whilst all three methods are validated, the RUM 
method is selected for studying the mortar consumption characteristics of walls and is 
presented in this chapter. In addition, features which are of particular use for decision making 
have been displayed by 'maps' related to bed joint and bricks to mortar ratio. 
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Chapter 7 draws upon relevant findings and conclusions in the previous chapters in building a 
platform for coping with the variations in the study variables, particularly with respect to the 
bed joint, the wall width and brick size. Whilst identifying interim strategies for coping with 
chaos, it highlights the need to review certain issues with respect to their impact on output and 
cost. 
Chapter 8 presents the procedure adopted for developing a methodology to examine the impact 
of the variations in the study variables on hourly output of brickwork. Features and 
characteristics so identified are displayed by a 'general specification' and suggests how output 
may be optimised in view of the variations in the study variables. 
Chapter 9 highlights the importance of costs in making decisions and presents the procedure 
adopted in developing a set of 'decision rules' based on intrinsic cost features of brickwork. 
The rationale for this approach is also discussed therein and demonstrates how these decision 
rules may be used in practice in a complex and chaotic environment which is constantly 
changing. 
Chapter 10 pulls together the various findingg and conclusions made throughout this thesis in 
reaching a final conclusion on a broad strategy for coping with the variations in the study 
variables and makes recommendations on how this may be achieved. Other recommendations 
arising from this study are briefly given including those related to future research. The regional 
and international relevance of this research is also presented. Finally, some concluding 
observations are made on 'chaos', as encountered in this research. 
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CHAPTER 2 
ýA REVIEW OF 
PRACTICE, RESEARCH AND THEORY 
2.1 Introduction 
'England', wrote Kamazin at the time of the French Revolution, 'is a land of brick' (Clifton- 
Taylor, 1962). So is Sri Lanka, yet, they differ widely in the manner in which bricks are used. 
A striking difference is the avoidance of exposed brickwork, a notable feature of British 
brickwork in the early 19th century (Woodforde, 1976, p. 86). The few fair-faced brickwork 
buildings that still exist in Sri Lanka are part of the legacy of British rule for well over a 
century. 
Perhaps, the major differences lay hidden beneath the plastered walls. The practice of 
constructing walls is different with mortar being filled into joints instead of the brick being 
buttered. Mortar is 'coarse' and is unlike British mortar, which is clayey and sticky. The 
bricks are comparatively small and non-standard. The bond arrangements are haphazard, being 
similar to how British bricklayers laid bricks in the mediaeval periods due to the irregularities 
in hand made bricks (Woodforde, p. 74). The joints and wall widths also vary in size; a 
phenomenon which is hidden once the wall is built and plastered. 
It is this phenomenon that is examined in this study as outlined in Chapter 1. To deal with this 
problematic phenomenon of Sri Lankan brickwork, it was necessary to review literature in the 
widest possible area of relevance to this study. Accordingly, many areas of study which 
included total quality management, benchmarking, strategic, planning and the like were 
reviewed, although only the areas with greater relevance to this study are discussed herein. 
2.2 Bricks - Types and Formats 
From the 13th century, the sizes of brickg in the UK varied from district to district (Bower, 
p. 77) as established by custom (Jaggerd, p. 5). However, Queen Elizabeth's Charter of 1571 to 
the Tylers and Bricklayers' Company established a standard size of 9"x 4 1/4" x2 1/4". This 
size increased to around 10" x 5" x 3" and eventually stabilised in the 1904 REBA standard 
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size of around 9" x4 3/8" x2 11/16", with an agreement reached by the Royal Institute of 
British Architects and the Brickmakers' Association in consultation with representatives of the 
Institution of Civil Engineers. It appears that there had in fact been two sizes, one to serve as 
an upper bound and the other to serve as a lower bound, viz. 9" x4 3/8" x2 11/16" and 8 
7/8" x4 5/16" x2 5/8". It is noted that the difference in these two sizes amounts to 1/8" in 
length and 1/16" in breadth, and are almost similar to the tolerances specified in the current 
British Standard. The afore-mentioned agreement also included that 'brickwork should 
measure four courses of bricks and four joints to a foot of height'. In 1919, a further standard 
size was added to the 'RIBA Standard', all the dimensions were supposed to agree with the 
then existing standard, except that four courses of bricks and four courses of joints were to 
measure 13" (with some changes in the size of the bed joint which will be discussed later). 
However, the centre-centre distance was an inconvenient 9 1/4", i. e. length of brick (9") plus 
the width of a 1/4" cross joint. Subsequently, the size was reduced to 8 3/4", perhaps prompted 
by the inconvenience of using a9 1/4" centre-centre format, as the corresponding value with 
the new brick was 9". This would have simplified a number of activities, for example, the 
preparation of drawings (now with grids in multiples of 9"), estimating quantities using the 
centre line method, and also in setting out of buildings on site. 
The brick underwent a further reduction in size, with the 1965 British Standard 3921, which 
specified a new size of 8 5/8"x 4 1/8" x2 5/8". However, the 9" centre to centre length was 
retained in this new size. The differences arose mainly as a result of adopting a uniform joint 
size for all brickwork joints, whereas earlier the vertical joints were 1/4" and the bed joints 
were 5/16". 
Format Sizes, Work Sizes and Tolerances 
The 'format size' of a brick is designated in terms of the co-ordinating size, which is defined 
as 'the size of a co-ordinating space allocated to a brick, including allowances for joints and 
tolerances' (BS 3921: 1985). This embodies the concept that there is a specific space allocated 
to a brick within a wall so that any inaccuracy in brick dimensions (technically referred to as 
tolerances) can be accommodated within the space allocated without infringing on the space 
allocated for adjoining bricks. 
The size of a brick specified for its manufacture, to which actual sizes should conform within 
specified permissible deviations is referred to as the 'work size'. In other words, the standard 
joint size when added to the work sizes, gives the format size or the co-ordinated size. For 
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example, if the manufacturing size of the brick is 215 x 102.5 x 65 mm, with a joint size of 10 
mm, the format size would be 225 x 112.5 x 75 mm, sometimes also referred to as the 
4nominal sizes'. It is interesting to note that these dimensions follow the 1-2-3 rule', in that 
the ratios of dimensions are 1: 1/2: 1/3. A comparison of work sizes and tolerances adopted in 
some countries are shown in Table 2. L The following observations can be made from this 
Table. I 
Sri Lanka, Britain and Pakistan are countries which specify one standard size; 
According to the BDA of UK, 'bricks are a standard size so that a building can 
be constructed using bricks from any manufacturer. Also, ... plans can be drawn 
up accurately and the chosen bricks can be used easily without cutting. ' (The 
Express, Oct. 11,1996). 
I The length and breadth given in the Sri Lankan and Chinese Standards -are 
uncommon. 
United Yingdom is the only country which uses a fraction of a unit to specify a 
brick dimension (i. e. breadth = 102.5). 
iv. The lowest tolerances appear in the Sri Lankan Standard. 
V. The largest tolerances appear in the Saudi Standard; it specifies a percentage 
instead of a fixed amount and is the only standard which has adopted this 
approach. 
vi. A general feature in all standards is to allows larger tolerances with larger 
dimensions. 
vii. Specific reference to handmade bricks are made only in the Indian and the Sri 
Lankan Standard. 
In view of the above observations the Sri Lankan Standard appears to stand out when 
compared with other international standards. Clearly, there is a need to review it. 
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Table 2.1: 
Dimensions and tolerances in international standards for bricks 
(Compiledfrom data gathered during this study) 
Country Source Type Dimension (in mm) Tolerance (in mm) 
Length Breadth Height Length Breadth Height 
Sri SLS 39: 1978 Machine made . Lanka Amendment wire cut bricks & 220 105 65 ±3.125 ±1.6 ±1.6 
No. 1 of hand made bricks 
29.01.1981 
India is Std. modular size 190 90 90 ±4 ±2 ±2 
1077: 1992 190 90 40 
Non modular sizes 230 110 70 ±4 ±2 : t2 
230 110 30 
Standards 
Pakistan Manual No. Standard brick 190 90 90 ±6 ±3 t3 
208: 1962 
50-75 1.5mm; 75-100--3; 
100-150=5; 150-250=6 
China Technology Standard bricks 240 115 53 
Manual on (* For non-load 240 115 90 ±4-6 ±5-3 ±6-3 
clay bricks bearing walls 240 180 115 
in China with a void ratio i40 240 115* 
of 41 %) 
Japan JIS A 5213 Standard type 215 102.5 65 ±5 _±3 ±2.5 
-1987 YOKAN (soap 215 45 65 ±5 ±2 ±2.5 
pups)Large type 215 140 65 ±5 t4 ±2.5 
90 ±3 
290 215 140 ±6 ±5 ±4 
Austral- AS 1225 Modular brick 290 90 90 ±4.5 ±2.5 ±23 
ia -1984 Traditional brick 230 110 76 
U. K. BS 215 102.5 75 ±3.125 ±1.875 ±1.875 
3921: 1985 1 1 1 
Tolerances: On the actual dimensions ±4%; Difference 
Saudi- SSA between the largest & the smallest dimension 5%(given within 
Arabia 185/1980 brackets) 
190 90 90 ±8 (10) ±4 (5) ±4 (5) 
190 90 65 ±3 (4) 
290 90 90 ±12(15) ±4 (5) 
290 90 65 ±3 (4) 
Note: Tolerances given for either 20 or 24 bricks, have been converted to per brick values. 
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Types and Varieties 
Bricks are classified as different types depending on whether they are solid, perforated, 
hollow, cellular or of special shapes. Hollow bricks are different to perforated bricks in that 
holes passing through the brick exceed 25% of its volume. Cellular bricks are different to both 
the latter types in that holes are closed on one side and exceeds 20% of the volume of the brick 
(BSI Handbook 3 Building, 1982). This study embraces only the solid type (without holes) as 
other types of bricks are not produced by Sri Lanka's cottage industry. 
Bricks are also classified with respect to its use as commons, facings, and engineering bricks 
(Knight, 1975). Whilst the 'commons' are suitable for general building where appearance is 
not important, 'facings' are ideally suited for situations where appearance is important, whilst 
%engineering' bricks are useful for situations which require conformance with defined limits of 
strength and water absorption (see BS3921: 1985, p. 5). 
An examination of various international standards reveal that the classification adopted is not 
universal. For example, the Japanese adopt a composite classification system based on 
external shape, sectional shape (solid, perforated, hollow), compressive strength and 
coefficient of water absorption, as for example NS20016, meaning a normal brick with a 
compressive strength of 200 kgf/crrý (19.6 N/mm2 ) and a coefficient of water absorption of 
16 (See JIS A 5213 - 1987). The Indian Standard classifies only according to strength with 11 
designations for strengths varying from a minimum of 3.5 N/MM2 to a maximum of 35 N/mm2 
designated as 3.5 and 35 respectively (IS 1077: 1992). The Saudi Arabian Standard classifies 
differently as 'non-loadbearing', 'load-bearing' and 'facing' (SSA 185/1980). The Sri Lankan 
Standard adopts a totally different approach classifying bricks as Type 1: Machine made wire 
cut bricks and Type 2: Hand made bricks with the latter subdivided into Grades I and 2 based 
on strengths of 4.8 and 2.8 N/mm. 2 respectively. 
2.3 Brickwork: Joints, Bonds, and Mortars 
Joint 2: yl2es and Sizes 
On the face of external brick walling, joi 
* 
nts have traditionally been treated in a variety of 
finishes in the UK. This treatment, is usually carried out by what is known as 'jointing' and 
Gpointing', not only to enhance its appearance but durability as well. Jointing is the process by 
which the face of the bedding mortar is finished as work proceeds, whilst 'pointing' is the 
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term used to describe the filling of joints which have been raked-back with a carefully gauged 
mortar and brought to a decorative finish (Lynch, 1995, p. 126). 
Brickwork joints may be broadly classified into two types, namely, the bed joint and the 
perpend joint. The latter may be classified further depending on whether the joint is across or 
along the wall. The former is referred to as the 'cross joint' whilst the latter is referred to as 
the 'wall joint' (see Fig. 5.6). 
According to the current British Standard, a 10 mm space is allocated for these joints. As 
explained before this was not so always. Jaggerd (1929, p. 6) quoting information given in an 
annual RIBA Calendar, points out that it has been specified that '[j]oints should be 1/4 in. 
thick and an extra 1/16 in., making 5/16 in. for the bed joints to cover irregularities in the 
bricks. ' In other words, whilst the cross joints were 1/4", the bed joints were 5/16". However, 
under the 1919 agreement, it was negotiated that the size of the bed joint with the largest 
bricks could be 5/16", and with the smallest 3/8" (i. e. with four courses to a height of 13"). 
This shows, that there had been a move towards a larger bed joint size from the 1904 size of 
5/16". In fact, as a result of adopting the new bed joint size of 3/8" the height of the brick had 
declined accordingly whilst maintaining the 1904 rule of four brick courses to a foot. 
It appears, therefore, that during this century, there had been a decline in the brick size and an 
increase in the joint size in the UK. The apparent reasons for the changes in the imperial size 
of the British brick may be summarised as due to: 
a rationalised, approach to centre-centre dimensions (as explained in section 
2.2); 
ii. the standardisation of all joints to an uniform size; and 
as a result of the introduction of a second standard size in 1919 to the '1904 
REBA standard' which negotiated for the use of a larger bed joint. 
Bond Type 
According to Smith (1966) brickwork bonds may be distinguished in three ways, namely, as 
structural bonds, as pattern bonds and mortar bonds. The structural bond is created by 
overlapping bricks or by the use of metal ties. The adhesion of mortar to bricks or to steel 
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reinforcements used in conjunction with them is called the mortar bond. The pattern bond, as 
the name implies, refers to specific patterns to which bricks are laid. In fact, there are many 
such patterns; the English bond, the Stretcher bond (also known as the Running bond), and the 
Flemish bond are in common usage whilst the Rowlock bond (Chowdury, 1984) and the Rat- 
trap bond also known as the Chinese bond (Spence et al, 1983) are amongst the rarely used 
types. It is also interesting to note that when bricks are laid with no definite pattern (though 
avoiding the occurrence of joints in the same vertical plane), such bonds have been referred to 
as 'haphazard bonds' (Woodforde, p. 74). Although the common bond patterns used in Sri 
Lanka are the English/Stretcher bonds, these bonds may be collectively identified as belonging 
to the 'haphazard' type, as the bond lap varies due to variations in the brick sizes. 
Mortars 
Mortars for brickwork are of many different types ranging from inexpensive clay mortars to 
expensive cement based mortars. Mix proportions for brickwork are always specified in 
proportions by volume and have to fulfil a range of functions (Spence et al, 1983, p. 91, 
Knight, 1975, p. 22). Specific guidance is given in various documents, as for example in BS 
5628: Part 1, BS 8000: Part 3, and ICTAD Specifications for Construction Works, Sri Lanka. 
2.4 Bricklaying 
Information on the art of bricklaying is well documented in many texts (Gilbreth, 1974, 
Lynch, 1995). The Code of Practice for Masonry published by the BSI (i. e. BS 8000: 
Workmanship on Building Sites, Part 3) whilst providing information on 'good practice' 
management, provides specific information on coping with problems related bricklaying as 
well (vide Section 3.1.3). 
Bricklaying in Sri Lanka is different to the UK; for example, quoins are never used. Instead 
courses are plumbed at the two comers of the wall being built using a plumb bob. Thereafter, 
bricks are laid to line and level as shown in Fig. 2.1 with the line tied round a brick at each end 
placed on edge at the two ends of the wall and aligned with a brick which has been already 
plumbed. Brickwork is not gauged and as such no storey height rods are used. This approach 
does not appear to lead to undue problems with regard to horizontality of courses. As in the 
UK mortar is spread on the course and bricks are usually laid by picking usually one brick at a 
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time. Instead of bUttering the brick, mortar is shoved (i. e. 1-illed) into 'oints as shown in Fig. 0J11 
2.2. Profiles (which inay even be Used to SUbstitute LIL10111S) ZII'C ncvcr used. Furthermore. 
corner blocks are not used either as noted by Abeysekera ( 1987). Overhand bricklaying, (B DA, 
1974) is also not common, as in England (Lynch, 1995). 
As is noted in section 2.7 on prodLICtivity, therc appears to hc much scope for improvim-, 
output by changes in methods both in the UK and in Sn Lanka. 
, IR 797ý ,II- 
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Fig. 2.1: Placing, bricks to line and level with the line tied 
rOLInd a brick on ecl-e 
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2.5 I)illlellsion., ii Co-orclination of* the Brick 
The movement lokvards standardisat [oil can be seen in many Materials and collipollents and Ilic 
common ellect is a rationalisation of' sizes into a related framework. Components common1% 
LI. SCd iii connection with each other becorne dimensionally related, i. e. dimensionally co- 
ordinated. A (:,, ood example in point are the window frarnes in the UK which have always becii 
rclated to the size of* the brick. However, most other Coll iponell is appcar to have rationallsed 
a different dimensional SyStClIl, SLICII aS the 4"/100 mm *clestgni illodule' (BRI11toll. , 11-01.111(l 
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1972). Why is this so? The answer may be related to issues which arose during the 
transformation of the brick size during metrication. 
One of the major significance of the change to metric units in the building industry was the 
opportunity for modular co-ordination; an area which is of much importance to architects. 
Accordingly, brick formats such as 300 x 100 x 100 mm, 200 x 100 x 100 mm. and 200 x 200 
x 100 mm were considered to be suited for incorporation with a modular co-ordination system. 
However, the single format size of the brick in use at the time of metrication was 9" x 41/2" x 
3". A direct conversion of these dimensions would have given a brick size of 228.4 x 114.3 x 
76.2 mm. Clearly, this did not comply with the modular metric sizes mentioned above. The 
BDA representing the brick manufacturers, proposed a format size of 225 x 112.5 x 75 mm 
from a manufacturing point of view and argued that there were three main reasons for 
retaining this close similarity with the imperial size (Architects' Journal, 20, Dec., 1967): , 
To take maximum advantage of bricks it is necessary except in the case of 
walls using the stretcher bond, to maintain the relationship of twice the width 
plus the joint equalling the length; 
There is a need to be able to use the new brick in conversions, extensions and 
repairs to existing brick buildings; and 
Nature of the raw material and complicated factors in the manufacturing 
process mean that it-would be impossible to standardise on a size which 
differed appreciably from the present without a greatly increased production 
cost and considerable difficulty. 
On the face of it, these appear to be valid. However, there was much criticism on this stance of 
the BDA and for not moving towards a metric modular size. For example, the Modular 
Society (MOd SOC), whilst pointing out that the new format height of 75 mm measures up to 
the BS401 1: Recommendations for the co-ordination of dimensions in buildings - basic sizes 
for building components and assemblies, (i. e. in the vertical plane), claimed, that the BDA 
sizes with respect to length and breadth contravened the requirements of this Standard. This 
meant. that the 'dimensional performance' of the BDA's proposed size would be poor 
compared to a modular brick and would involve undue cutting, difficult setting out and 
bonding, and also various problems in designing and detailing. Nevertheless, such problems 
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would not matter with plastered brickwork, as the brick is easily adjustable (Brunton, 1972); a 
feature that embraces the flexibility of the brick to perform dimensionally (Forbes, 197 1). 
The Modular Society criticising the BDA size further, pointed out that that there was no need 
to limit the brick to one size, provided that their sizes were co-ordinated, arguing that 225 x 
112.5 x 75 mm was not the only size that satisfied the rule that twice the width plus the joint 
equalling the length. It also pointed out that economies of scale can be achieved many times 
over when a component is manufactured by the million and any difficulties of firing a brick 
which is 100 mm. tall could be overcome with the technology available at that time. They 
argued that the 300 x 100 x 100 would produce the most economical brickwork due to 
savings in mortar and labour of the larger unit. The only consideration that seems to have 
emerged from the Modular Society was with respect to BDA's claims, was the suggestion of 
another modular format size of 200 x 100 x 75 mm to take account of the difficulties that may 
be encountered in matching course heights. 
Whilst the BDA appears to have focused on this issue from the point of view of the 
manufacturer, and the Modular Society from the point of view of modular co-ordination, 
Brunton (1972) focused from the angle of the construction industry. He suggested that there 
was a need to look into issues related to stability, thermal insulation, sound insulation, fire 
resistance and the like due to the reduction in wall thickness, and also its impact on 
productivity. (Discussed later in sections 2.7 and 2.8). He noted that. - the dimensional 
disadvantages of the standard brick format does not mean that the use of a modular brick 
would solve all the problems. Illustrating this point with examples, he highlighted the 
particular disadvantage of poor appearance of the dimensional sizes of the metric brick when 
compared with the sizes of the standard brick. 
It appears therefore that under these circumstances the status-quo would prevail despite the 
apparent difficulty in detailing and dimensioning, as evidenced by the use 'brickwork 
dimensions tables' (BDA Design Note 3), whilst the industry may continue to study and 
experiment with the situation. 
2.6 Work Study - 
'Work Study' is 'a measurement service based on those techniques, particularly method study 
and work measurement, which are used in the examination of human work in all its contexts, 
and which lead to the systematic investigation of all the resources and factors which affect the 
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efficiency and economy of the situation being reviewed, in order to effect improvement., 
(BS3138: 1969). Whilst 'method study' is a technique used for recording work procedures, 
examine facts critically and to develop improvements related to implementation (Currie, 
1987), 'work measurement' also referred to as 'time study' is the measurement of time 
required to perform a task. Many techniques have been developed both for method study and 
work measurement. Of these, the work measurement techniques of 'activity sampling' and 
'synthesis' are discussed below in view of their relevance to this study. In addition, the 
comparatively new measurement techniques of 'foreman kraftsman delay surveys' are also 
reviewed. 
Activity Sampling or Work Sampling 
'Activity sampling' or 'work sampling' is a surrogate productivity measurement technique 
which may be used for evaluating features and characteristics related to the utilisation of 
labour, plant and equipment in construction. This is done by a process of random observation 
by either taking a 'tour' through the site or by observing a gang of workers or a fleet of 
machines from strategic locations. The accuracy and reliability of such information can be 
established by using the 'theory of activity sampling' (Harris and McCaffer, 1995, p. 84-84). 
Attempts have been made to build productivity models using this technique. Although these 
models have been criticised (with good rqasons) as will be discussed later, this technique is 
very useful both in research and in practice. For example, Abeysekera and Hennayake (1988) 
studying productivity characteristics in Sri Lankan construction sites demonstrated (amongst 
other things) how information obtained from this technique may be used to get a rapid and 
timely feedback on productivity problems and their root causes. Others (Thomas et al, 1980, 
1984) have also stated that some contractors in the US adopt work sampling regularly with 
periodic summaries, especially in large projects. 
Synthesis 
The time required for a task or parts of a task may be built up by process referred to as 
"synthesis'. The procedure adopted is to total the 'element' times obtained from previous time 
studies containing the elements concerned, or from synthetic data. Usually, these times relate 
to a defined level of performance by reference to standard rating scale. 'Rating is a comparison 
of the rate of working observed by the work study [practitioner] ... with a picture of some 
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standard level which he is holding in his mind. This standard level is the average rate at which 
qualified workers will naturally work at a job, when using the [specified] method and when 
motivated to apply themselves to their work. This rate of working corresponds to what is termed 
the standard rating. and is denoted by 100 ... ' (UO, 1979, p. 240). 
The total time required for carrying out an, element of work at the standard rating of 100 is 
referred to as the 'basic time' for that element. In order to arrive at the 'standard time' for the 
element, it is necessary to add various allowances for setting up, interference, contingency 
allowance for delay, for relaxation etc. (ILO, p. 271). Relaxation allowances are 'intended to 
provide the worker with the opportunity to recover from the physiological and psychological 
effects of carrying out specified work under specified conditions and to allow attention to 
personal needs... [with] the amount of allowance depend[ing] on the nature of the job. '(IILO, p. 
266). Once, standard times for elements have been obtained, the standard time for the task 
may be built up from these micro values. 
In fact, there is much controversy as to the exact allowances that should be made for separate 
jobs though a systematic procedure has bpen developed for estimating standard allowances 
(see Work Study by ELO); Harris et al (1984) and Price (1990) have shown its use in 
construction situations though uncertainty prevails over the validity of these values. 
Craftsman Questionnaire Surveys and Foreman delay surveys 
Conventionally, there has been some reluctance on the part of researchers to elicit information 
from foreman and craftsmen. Breaking this barrier Rogge et al (1982a, 1982b) and Chang et al 
(1984,1985,1986) have demonstrated that reliable and useful information on production 
problems may be obtained by asking ý foremen and craftsmen themselves; its rationale being 
that operational level productivity problems would be best known by them than by managers. 
The validity of these techniques for data collection has been demonstrated by comparing with 
data obtained from work sampling programmes (Rogge et al. 1982a). 
Foreman delay surveys (FDS) have bee used to establish the magnitude of the various factors 
causing delays (i. e. time losses) which resjilt in an idling labour force but only those delays 
which are not within the control of foreman. Its implementation has been discussed explicitly 
by Rogge et al (1982b). Much like the FDS, craftsman questionnaire survey (CQS) is a 
technique used to establish delays which are beyond the control of the craftsman. One of the 
issues that emerges is on the reliability of such data. Experiments conducted have suggested 
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that although the questionnaires attempted to estimate the time lost in the immediate past, the 
responses appeared to relate to long term averages. Thus, it has been suggested that CQS 
would be more useful to obtain information pertaining to long-term job experiences (Chang et 
al, 1985). This observation appear to limit its usefulness. Furthermore, in countries where the 
level of literacy is low or with many different dialects the use of questionnaires may be 
impracticable. However, interviews may be a way forward. t 
Both FDS and CQS have attempted to obtain information relating to delays which are beyond 
the control of craftsmen and foremen. It may be argued that, if necessary, such surveys could 
be introduced to obtain information which are within their control too. 
2.7 Labour Productivity 
An area which has drawn immense interest from professionals and academics alike is 
productivity. As with all new concepts, there is difficulty in giving precise definitions. ' 
According to Godoy-Mejia (1993), productivity is one of the most vaguely defined terms due 
to its many definitions. Olomolaiye (1988) explains this difficulty clearly: 'Like most well 
understood concepts in life, defining productivity has remained very difficult. Most people 
understand what peace or love is but wbuld offer different definitions of these concepts 
depending on their personality and situation at the time they are asked. Defining such concepts 
often leads not to a consistent set of words one would expect in definitions, but explanations 
of the main characteristics of the subject'. 
Reviews of many papers confirm the concerns of Olomolaiye and Godoy-Mejia. As pointed 
out by Olomoloaiye, productivity has been defined simply as a ratio of output/input, which in 
fact is a measure and not really a definition. Having analysed various definitions, he identifies 
the definition given by Davis (1951) that 'productivity is the degree to which the power to 
make or provide goods or services having exchange value is utilised as measured by the output 
from the resources utilised' as providing a reasonably acceptable definition. 
Landmark literature surveys on brickwork productivity (i. e. in the pre 1980s 
Mortlock's and Whitehead's (1970) literature survey on brickwork productivity covers many 
aspects related to brickwork output from ýreas related to building units, bricklaying methods 
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and aids, materials handling, mechanical bricklaying and also on work of Gilbreth. The study 
concludes that productivity increases could be achieved by - 
L' using larger units with an ýaccompanying reduction in weight (though the 
optimum unit size may have to be determined); 
I Utilising separate teams for spreading mortar using different tools (even using 
shovels for it); 
iii. increasing the percentage of time bricklayers spend working; 
iv. using efficient laying techniques; 
V. reducing the time for reaching and stooping mortar (by efficient layouts); 
vi. using the adjustable, two level, three lane type of scaffolding proposed by 
Gilbreth; 
vii. using plumbed profiles; and 
viii. handling materials in bulk, and reducing distances over which materials are 
handled. 
In a similar literature survey in the USA, Grimm (1974) suggested that architects should 
simplify wall designs by - 
specifying larger units (suggesting the then size of 8x4x2.67 be replaced by 
12 x4x 4) with productivity gains of around 50%; 
increasing the distance between openings and/or comers; 
using modular co-ordination principles; 
and, that contractors should use profiles, use adjustable scaffolding, use team effort by 
assigning separate labour for mortar spreading, bricklaying, tooling. Furtherimore, Grimm 
suggests that work place layouts be improved and mechanical mortar spreaders be used for 
handling materials, which are, similar to Whitehead's recommendations. 
Method as a factor affecting produc Livi! y 
The time and motion studies of Gilbreth during the latter part of the last century and thereafter, 
focused generally on methods of increasing output and on training apprentices. His concern for 
achieving larger outputs was so strong that he wrote in his famous book 'Bricklaying Systems' 
(first published in 1909) that 'one of the worst mistakes that can be made in the training of an 
apprentice is to expect him to do perfect work first, and fast work later ... Insist that he lay as 
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many brick as a journeyman, even if they are not laid quite so well... This ... will teach speed, 
and skill will surely follow, with sufficient practice... Speed and the least number of motions 
must be uppermost in his mind at all times' (Gilbreth, 1974, p4). However, in no way did he 
undermine the importance of perfect work. For example he stated that 'Foremen will be rated 
and paid according to the quality and not according to the quantity of work that they secure 
from their men' (Gilbreth, 1974, p. 11). His urge to achieve higher outputs (with consequent 
reduction in the cost of labour) gave birth to many new methods, tools and equipment, 
oriented towards increasing output so much so that Mortlock and Whitehead undertaking a 
comprehensive literature survey on productivity of brick and block laying (1970) stated that 
the 'work of Gilbreth in the early years of this century contains many more advanced ideas 
than are currently used and parts of, his comprehensive thesis have been reiterated by 
successive authors in various countries'. 
Whitehead (1973) commissioned by CIRIA, examined the shortcomings in methods of 
bricklaying in the UK. Using process charts and films for recording data, a new method of 
laying bricks were developed, and was reported to be faster. Spreading of mortar was avoided 
by using the brick to replace conventional procedure. Whilst one hand picked a brick the other 
hand scooped mortar required for two bricks simultaneously. Tapping of bricks were 
eliminated. 'Buttering' was eliminated too by 'shoving' the brick along the mortar bed, so 
causing a quantity of mortar to be pushed up the cross joint which was a feature of the Dutch 
method (see CIRIA Report 42,1972). Similar attempts have been made in the past too, whilst 
Nuttal (1968) suggests how 'test walls' can be used for small scales trials when assessing the 
impact of new methods. 
These and many other studies on brickwork up to the early 1980s have concentrated on 
achieving higher outputs by making improvements in laying techniques including the use of 
mechanised methods, modifications to the building units (with variations in weight and size), 
minimising non-productive time, balancing gang sizes, utilising efficient workplace layouts, 
innovations in scaffolding and materials handling techniques, use of plumbed profiles, and 
improvements in the tools and equipment used which are important from the point of view of 
reducing the labour cost and time (Francis, 1966, Brickwork Site Efficiency, 1970). 
Opportunities to improve output by method alone is immense, though for reasons unknown, it 
appears that to a large extent these methods have not crossed borders. In fact, there is much 
opportunity to bring labour costs down further. Why then have Nations not seriously examined 
this aspect? Is it because of lack of knowledge, lack of information transfer or is it because of 
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the view that change in method yields only minor short-term gains as expressed by Thomas 
and others (1990)? The status-quo prevails! 
Other factors affecting productivity 
Obviously, many factors affect productivity. Abeysekera. and Hennayake (1988) investigating 
the relationship of productivity and supervision in building construction sites in Sri Lanka 
observed that productivity declined as the number of workers per supervisor/labour sub- 
contractor increased. They concluded that if this ratio can be kept below 15, there is a greater 
chance of avoiding low productivity situations. Many other factors that affect productivity in 
Sri Lankan construction sites were examined in general by Abeysekera (1990) providing 
advice on how these factors may be manipulated to enhance productivity. 
Olomolaiye et al (1987) studied problems influencing craftsmens' productivity in Nigeria 
utilising the activity sampling technique to determine how the working day was being utilised, 
and by an operative questionnaire survey for identifying the problems faced by crafstmen. 
Having examined the bricklaying, joinery and steel fixing trades, he concluded that there was a 
high incidence of 'unproductive time' in these trades, and the three highest ranking problems 
impairing productivity were lack of materials, inadequate tools, and repetitive work. 
Broomfield et al (1988) studying the variability of productivity identified four main causes, 
viz. work rate, waiting time for materials, extra breaks, and requirement for relaxation. Homer 
et al (1990) identified five significant variables using the analysis of variance techniques, viz. 
disruptions, interruptions, gang composition, length of working day and mode of employment 
(i. e. done directly or whether sub-contracted). 
Several others including Olomolaiye (1990), Logcher (1978), Katavic et al (1993), Lema and 
Price (1996) have shown that there are various factors which affect productivity such as, 
motivation, employment type, incentives, interruptions, design changes, buildability, weather 
conditions, height of working area, skill, technology, and management control. Attempts have 
also been made to identify which of these factors are of greater importance by a process of 
ranking (Olomolaiye, 1987, Lema, 1996). 
These efforts have been focused on finding significant factors which affect productivity. This 
is rational. The practical implications to industry are that these factors can be focused on for 
achieving higher productivity. However, there appears to be a void in a universal set of 
significant factors which affect productivity. For example, Katavic et al (1993) studying 
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productivity of carpentry gangs found that neither the length of the working day nor the 
number of workers in a gang were significant. It appears therefore, that, it is difficult to 
'generalise' some factors as more important than others. This view casts doubts on the 
possibility of developing a general model to explain the'variability in the productivity. 
Modelling Productivity: Quantifying the impact of factors and forecasting productivity 
Attempts have been made to measure these factors by Olomolaiye (1988), Homer et al, (1988, 
1989), Thomas et al (1987) and to quantify their impact on productivity. Inevitably these 
attempts led to the development of what are now known as 'factor models' which are built 
using the regression analysis technique. The mathematical equation as presented by Thomas et 
al (1990) is given below: 
mn 
AUTt = IUR (q) + ai xi +f (y)j 
where, AUR = the actual (or predicted) crew productivity for time period t; and IUR = the 
ideal productivity for broad classifications of work performed under standard conditions. 
Where productivity improves because of repetition, IUR is a function of the number of 
quantities installed q. The factors can be expressed as binary (zero-one), integer, or 
continuous variables. The equations shows rn binary variables or factors. Integer and 
continuous variable, factors are included in the submodels to describe weather, crew size, 
absenteeism and so forth. These submodels are represented by the generalised expression f (y)j 
where y= the factors in submodel j. As many as n submodels may be included. 
The theory underlying these models is that productivity varies randomly due to the cumulative 
effect of many variables. It has been argued that, if it was possible to mathematically discount 
the impact of these variables, the result would be an 'ideal' productivity curve (Thomas et al, 
1987), similar to what has been suggested by Broomfield et al (1984). Underlying this 
phenomena is the principle of causality, Le. that there is a relationship between cause and 
effect. (Note that this notion is no longer valid for systems studied in chaos theory. See section 
2.10 on 'Chaos'). 
Such efforts also led to standard data collection procedures, for example for taking account of 
partially completed work, combining data related to different sizes of masonry units etc. In an 
international study, Handa and Thomas (1993) studying productivity in masonry operations 
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using a standard data collection procedure concluded that site worker productivity is consistent 
across the (study) countries and management appear to be responsible for loss of productivity. 
Thomas and Sakarcan (1994) examined the suitability of the factor model for masonry work 
developed by Sanders and Thomas (1991), for forecasting productivity. They compared this 
with the simplest and most widely used 'percent-complete' method (PC) of forecasting 
productivity and, concluded that the factor model forecasts were more accurate than the PC 
method. 
An overall picture of these efforts can be gained from a Paper entitled 'Modelling 
Construction Labour Productivity' (Thomas et al, 1990), it reviewed various work study 
models such as the 'delay models' which uses simulation methodologies (Adrain et al, 1976), 
'activity models' and 'task models' (Harris et al, 1984, Jayawardena, 1996) and concluded that 
these models are 'inadequate and unreliable' as productivity models. Whilst presenting the 
reasons for these comments they pointed out that amongst other things, a 'valid productivity 
model requires that productive, or direct work time and outputs be related in some predictable 
fashion'. In fact, it was shown that direct work and productivity are generally unrelated; the 
assumption that reduction in delays will make more time available for direct work is incorrect 
(Thomas, 1991). 
Models for estimating standard minute values and planning times for fair faced brickwork 
operations (and hence productivity) has been proposed by Jayawardena et al (1995). This 
model has been developed by using the activity sampling technique for establishing basic 
times of brickwork activities (such as spreading mortar, fetching a brick etc. ) and using the 
technique of synthesis to arrive at a standard time for a given volume (or area) of work by 
applying relevant relaxation factors. The variability of the basic times (from site to site) has 
been explained by building regression models. For example, the basic time for 'fetch mortar' 
has been expressed as follows: 
Fetch mortar = 2.65 + 0.0317 x N, where N is the number of bricks laid. 
Does it mean that various other variables that affect productivity are not significant? A cursory 
examination would reveal that the time taken to fetch mortar for 'N' bricks would depend on 
many other factors. For example, the distarice to the mortar board, its height above ground, the 
height of the wall being built, the size of the masons trowel are some factors that need to be 
considered. Thus, if this equation is to be of any validity it is necessary to specify all the other 
conditions that go with it. In other words, it may only be valid for walls which are similar in 
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nature (i. e. to those studied for the purpose of building the model) which relates to carrying 
out work under standard conditions. Such a situation is difficult to expect in construction. 
Furthermore, the situation ýin Sri Lanka as highlighted briefly in Chapter 1, with chaotic 
variations in joint sizes, brick sizes and wall widths, makes it extremely difficult to express 
simplified equations of the type shown above. 
The precise estimates of standard times (or productivity) as given by these models are also 
subjected to inaccuracies arising from the assumptions made with respect to relaxation 
allowances. Furthermore, as to whether these relaxation allowances would be valid for Sri 
Lankan workers is also doubtful. 
The fundamental assumption that the rating of 100 on which standard times are based relates 
to an average output which a qualified, motivated, worker using specified methods would 
naturally achieve is also contentious. In fact, these and similar models by Harris et al (1985) 
are based on these assumptions. For example, how does such values relate to average values of 
output observed in industry if the frequency distribution can be equated to a normal 
distribution? On the other hand, if the distributions are skewed and peaked (as observed under 
this study and shown in Chapter 8) how does the'mode relate to the standard time? These are 
issues which have not been researched. Furthermore, these ratings are subjective. It is doubtful 
whether two people rating the same task would end up with the same rating. This is an another 
area which casts doubts on the use of standard times. Productivity estimates made from these 
models, therefore, appear to be inaccurate and impractical. Furthermore, this methodology is 
rigid, as the impact of changes in the method of construction cannot be evaluated as well. 
Thomas et al (1990) points out that the factor model in itself is inadequate to predict 
productivity due to issues related to motivational aspects such as incentives, knowledge, skill 
etc. and shows that there is much research that needs to be undertaken in this area, identifying 
such models as 'Expectancy Models'. Olomolaiye's (1988) pioneering research on motivation 
is noteworthy. These models have been partially successful in explaining the variability in 
productivity though there is yet no universally acceptable model which combines both the 
factor model and the expectancy model. In this regard, a point made earlier is reiterated: 'It 
appears difficult to 'generalise' some factors as more important than others, or as equally 
important. This view casts doubts on the possibility of de-eloping a general model to explain 
the variability in the output. Is there 'universality' in productivity? Indeed, an intriguing 
question. 
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Clearly, the situation at hand in Sri Lanka cannot be studied with the models that have been 
developed although they provide useful insights on problems of data collection, the extent of 
the data required, and different types of models that may be adopted for developing a 
methodology to assess the impact of the 'study variables' (i. e. brick size, joint sizes and wall 
thickness ) on productivity with respect to this study. 
Average Levels of Brickwork Output 
Whitehead (1973) and Koehn et al (1993) have attempted to provide information on hourly 
outputs of brickwork in different countries. ýn doing so, Whitehead observed that although many 
performance figures on bricklaying have been published, the data cannot be compared easily as 
all circumstances were not mentioned. Nevertheless, they are useful in gaining a general idea 
about the range of outputs possible. (See Fig. 2.3). 
U. S. A. 33 bricks/bricklayer hr 
66 bricks/bricklayer hr 
1133 bricks/man day - using an improved method 
2798 bricks/8 hr day for two men using a 
process devised by the Structural Clay 
Products Institute 
Poland 3 man team- 
3500 bricks/day without openings 
1800 bricks/day with openings 
GERMANY 2 man tearn- 
3500-5200 bricks/day 
HOLLAND 800-1000 brickstday (8 1/2 productive hr) 
outer walls 
2000-3000 bricILVday (8 1/2 productive hr) 
inner walls, no pointing included 
DENMARK 800-900 bricks/day overall 
100-1200 brickstday on rough interior work 
GREAT 120 bricks/hr when working 
BRITAIN 230 bricks/bricklayer hr when working 
140 bricks/bricklayer hr when working 
Source: Whitedhead (1970) 
Fig. 23: Output of Bricklayers Across Borders 
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Abeysekera (1990) studying cost, price and productivity indicators with respect to single brick 
thick walls in Sri Lanka observed that the average output of a mason was 90 bricks per hour (or 
about 720 bricks per mason-day) using a small sample of ten walls. Comparing with data 
presented in Fig. 2.1 it appears that there is potential for increasing hourly outputs and thus 
bringing the labour cost down further. 
2.8 Issues Related to Cost 
Issues related to costs have always been of importance both in the modem world and also in 
centuries past as many issues are decided on the basis of cost. As explained in Chapter 1, 
issues related to costs are important to this study. Accordingly, procedures adopted for 
computation of costs, issues bordering on the economy of brickwork and the concept of cost 
significance are discussed in this Section. 
Procedures for Computing costs 
The cost of brickwork is simply the cost of materials, labour and plant and equipment. These 
basic costs are transformed to a price by adding a mark up for overheads and profits. In 
practice, many factors affect price (as discussed in Chapter 9) although the procedure of doing 
so 'appears' to be less affected. A common practice is to use standard norms as adopted in 
many countries including Sri Lanka (Data for Costing, 1980. Building Schedule of Rates, 
1990), India (Vazirani et al, 1986) and even in Bangladesh (See Appendix 10). These norms 
give information on the volume of materials and man days of labour etc. required for a specific 
quantity of brickwork (i. e. a cu. m., a sq. m. of a particular width of wall, etc. ). An example is 
given in Appendix 1.1. Another approach is to use published data on the number of bricks per 
sq. m. ku. m. and the corresponding proportion of mortar (either in terms of the volume of 
bricks or in terms of the volume of wall). Obviously, these norms are valid as so long as the 
assumptions underlying their development (i. e. standard size bricks, standard joint sizes, 
standard wall widths) are constant. As will be discussed in Chapter 3, although such norms 
have been used in Sri Lanka, especially of the former type, they are grossly inaccurate due to 
the variations in study variables (i. e. brick size, joint sizes, wall widths) and even -Mx 
proportions. 
Grimm (1977) attempted to estimate masonry wall and column costs in a similar manner but 
considered a host of variables associated with masonry work in the US. The attempt was to 
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develop a 'mathematical model' using 48 input variables. The model consisted of four 
components; the cost of masonry materials, labour, auxiliary materials (such as scaffolding), 
and general contractor mark up,, being: much similar to the cost components in the 
conventional met ' 
hod. He observed that bricks which were of special shapes and close 
dimensional tolerances were expensive. Often the price was a function of size, colour, 
dimensional tolerances, and shipping distance, but not strength. The effective price of the 
brick was computed by taking into account of the wastage of the unit and the cost of bricks per 
unit face area was calculated by assuming an uniform size for all brickwork joints. 
Mortar volumes were computed by a mathematical equation. As the procedure adopted for its 
development' has not been adequately described, it is difficult to examine its validity. 
However, in doing so Grimm had assumed that one cubic foot of sand would yield one cubic 
foot of mortar. This indeed is a dubious assumption (as would be seen later in Chapter 5). As 
for labour costs, a complex process is adopted, using a factored approach to reflect different 
situations, as for example whether the wall is an interior wall or an exterior wall. 
Many shortcomings can be highlighted in this study. The assumption that the volume of 
mortar is the same as the volume of sand, as stated before, is dubious. Assuming a'fixed 
percentage for mortar wastage is incongruent, having quoted a variation range of 10-25%. No 
attempt has been made to account for the impact of the use of air entraining agents (having 
noted its use). Joints were considered to be of the same size, whilst assuming these to be 
completely filled. Adopting a rigorous procedure for estimating the labour costs without taking 
into account of actual market conditions (i. e. market rates) with respect to a trade which was 
heavily sub-contracted, is again erroneous. The models have not been validated either. 
Basically, it is simply a theoretical approach to estimating the cost of brickwork with a host of 
factors. In view of these comments, its methodology is questionable and consequently the 
predictions made must be viewed with caution. 
Ashworth (1977) in the UK attempted to build a multiple linear regression model to estimate 
brickwork costs by predicting the number of man-hours required (instead of the costs). The 
model embarked on taking into account a host of variables such as type of brick, building 
height, complexity of brickwork, contract period, plan shape, value of work and the like. 
Considerable difficulties had-been experienced due to the inefficiency in the data collection 
procedure. For example, man hour data collected included those for blockwalls as well and as 
such various weighting factors had to be used to convert the data. This rather ambitious model 
failed to provide accurate estimates due to too many variables with too little data. Obviously, 
such approaches are rigid, as the predictive power would be limited by the data set. 
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Brickwork Economy 
Many factors appear to affect the economy of brickwork: The size of the brick (Hasan, 1963, 
1966, Forbes, 1970,, Abeysekera, 1987, Ranatunga, 1991), the joint sizes (Abeysekera, 1987) 
the bond type (Chowdury, 1984), structural forms of masonry water tower structures 
(Chandrakeerthi, 1995), other design decisions (Grim, 1977, Kodikara, 1996) are some of 
these factors. These studies have made various recommendations. Those studies which are of 
relevance to this study are discussed below: 
The BRE's Study in the UK (1977): 
During the change over to the metric system from the imperial system of measurement there 
had been considerable discussion on the advantages and disadvantages of adopting one brick 
format over another. In order to provide a better basis for a choice of a brick fori-nat, BRE 
undertook a study to assess the impact of the brick format on the costs of brickwork. (Forbes, 
1977). - A housing scheme with 271 dwellings was selected for this study. The impact of four 
different formats were studied by dividing the housing scheme into four areas with each 
having a specific format, viz. BS brick in 1/3 bond. BS brick in 1/2 bond; 200 x 100 x 100 mm 
and 300 x 100 x 100 mm. The results of this study confirmed that for the primary tasks of the 
bricklayer, the larger brick (i. e. 300 x 100 x 100) output was higher. However, it was shown 
that these primary tasks account for only a small proportion of the labour required for building 
brick walls as time spent on handling materials etc. was equally important. The ý overall 
conclusion with respect to the labour cosf was that the effect of different brick formats was 
negligible. 
In parallel with the above study, BRE pursuing this study from another angle, investigated the 
impact of producing a larger size brick. The conclusion of this study was that after due 
allowance for additional investments, there would be little difference in price per unit of face 
area between the BS and modular formats. Therefore, the overall conclusion of this study was 
that a changeover to a metric modular brick (i. e. 200 x 100 x 100 or 300 x 100 x 100) would 
not result in any significant savings in the cost of brickwork or in the overall labour 
requirements for a house. To the present day, the practice of having a singular non-modular 
standard size has continued. 
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Abeysekera's Study in Sri Lanka (1987): 
In perhaps one of the first studies on the cost aspects of brickwork in Sri Lanka, the researcher 
attempted to provide advice on the construction of single brick thick walls and examined the 
impact of the size of the brick, the bed joint size, the column and beam sizes, stockpiling of 
materials, methods of construction and the like. 
However, one problem that confronted this study was the difficulty of arriving at a price of a 
standard size brick. An advertisement calling for tenders for the supply of bricks conforming 
with the relevant Sri Lanka Standard was published in the press. Subsequent examination of 
the prices quoted revealed a wide variation. Having examined the bids, it was decided to adopt 
the mode in the middle third bids. (Sincethen, Abeysekera has shown another procedure for 
estimating the cost of a brick based on the mould sizes and shrinkage factors , 1990). 
Based on industry specific joint sizes (computed from a limited industry survey), Abeysekera 
concluded (amongst other things) that the use of standard size bricks bring forth cost savings 
in the range of about 7- 20%. In contrast, it was concluded that the impact of the use of non- 
standard joints (as used in industry) was insignificant in terms of costs. 
This study can be faulted on several counts. It assumed a wall thickness of 225 mm when the 
standard size of the brick was 220 mm; it failed to examine the sensitivity of the above 
conclusion to price variations in the standard size brick; regional variations in prices were not 
considered. The impact of mortar mixes were not looked into; labour cost computations were 
based on standard norms. The prevalent practice of sub-contracting was ignored. it failed to 
examine the inter-relationship between the variables. And furthermore, it failed to validate the 
computational procedures. The sensitivity of the conclusion with respect to possible price 
movements in the future were not examined. Nevertheless, this study provided the basis for 
number of other studies related to cost of brickwork. (Ranatunga, 1991, Ariyawansa, 1992, 
Weeratunga et al 1993. ) 
Ranatunga's Study in Sri Lanka (1991): 
This study pointed out that the use of standard size bricks would bring 47% cost savings and 
not 7-20% as reported by Abeysekera. Although it is not clear as to the prices used by 
Ranatunga to arrive at his conclusions, the formWa used for computing these increases is 
given below: 
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T= (NINo )x 50 + (C/Co )x 25 + (slSo )x5+ (L/Lo )x 20 
where 'T' is the increase in the overall costs, 'N' the number of bricks; 'C' the quantity of 
cement; 'S' the quantity of sand; and V the labour cost, with the variables with subscript 
zero being used for making reference to values with respect to standard size bricks. The values 
50,25,5 and 20 had been used as weights to reflect the relative cost significance of the cost of 
bricks, cement, sand and labour, respectively. 
Investigations revealed that the procedure adopted by Ranatunga suffered from the same 
deficiencies of Abeysekera's study. In addition, the study failed on two further counts and as 
such Ranatunga's conclusions were dubious. First, the use of the above mentioned formula 
for arriving at the percentage increase in costs was an over approximation. Second, overall 
conclusion had been based with respect to the most unfavourable brick size (i. e. the smallest). 
Kodikara's Study in Sri Lanka (1996). 
Kodikara presenting a paper to the Workshop organised by the researcher (August, 1996) 
based on Weeratunga's 1993 study with further research, concluded that current small size 
bricks were cost effective than the standard size (i. e. large size) bricks used in the industry. In 
making this conclusion, the labour costs were excluded from computations giving heed to the 
fact that brickwork was essentially an activity carried out by labour only sub-contractors. The 
procedure adopted for the computation of material costs were very similar to Abeysekera's 
and as such the Kodikara's study had similar deficiencies. 
In short, Kodikara has contradicted both Abeysekera and Ranatunga with 'respect to the 
economy of the standard size bricks. In retrospect, it must be pointed out that this comparison 
is not valid, as Abeysekera's conclusions referred to 1987 data, and presumably Ranatunga's 
to 1991 data and Kodikara's to 1996 data. None seem to have looked at the cost of brickwork 
as a time series. Furthermore, all these studies have failed to take account of what is known as 
'chapparu' (See Chapter 3 and 4). 
Hasan's Study in Pakistan (1966,1969): 
According to Hasan, the conventional brick of 9" x4 1/2" x 3" is uneconomical for use in 
buildings as they consume more space, more mortar and more fuel in burning and give less 
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output than the proposed new brick format of 8" x 4" x 4" (with mortar joints included in the 
size). This superiority had been established by calculations, and not by any physical trials as 
carried out in the BRE study explained earlier. It was claimed that this new brick will reduce 
the cost of brickwork by about 12 to 20% whilst its net effect on the cost of construction of a 
15'x 12'xl2' wall would be around 2 to 5%. It was also argued that although this percentage' 
appears to be small, the net annual savings on the country itself would be significant. 
It is useful to examine the basis on which these conclusions had been made. The thickness of 
the mortar joint had been taken to vary between 1/4" - 3/8". It is not clear, the exact mix 
proportions of mortar used for these calculations, nevertheless it is clear that mortar was 
considered to be expensive, also evidenced by the use of small , mortar joints. These 
assumptions raises three questions: What was the size of the joints adopted in practice (i. e. in 
the field)? Is it not possible to use cheaper mortar? How sensitive is this solution to change in 
mortar mixes? The study fails to provide answers to these very important questions. As such, 
the main conclusion is dubious on these three counts alone. 
Furthermore, it suggests that brickwork output is proportional to the thickness of the unit and 
an increase of at least 25% can be expected by the use of these bricks. As this conclusions is 
based subjectively without any recourse. to a particular methodology, it is nothing but 
conjecture. 
With regard to its manufacturing costs, Hasan cites that 'a doubt has been expressed ... that 
the new brick would require more fuel for burning owing to their increased thickness'. He 
rebuts this claim by pointing out that contrary to popular belief it is not the height of the brick 
that matter but the length. This conclusion is based on the use of Bull's Trench Kiln for 
burning bricks. Unfortunately, he fails to validate this claim through data which could have 
been easily obtained from actual firings, especially because these bricks were manufactured. 
These bricks were with frogs. Perhaps, this fact made burning easier and cheaper. However, 
another problem arose as a result of these frogs. According to Hasan, these new bricks had to 
resist a persistent notion in Pakistan that such bricks should be laid with frogs up and not 
down so as to have a better keying effect. The impact of such misuses had not been quantified 
either. 
Further disadvantages had arisen with respect to its appearance, as some were averse to the 
sight of the square elevation of header courses. Aesthetics is an important consideration that 
cannot be left out unless of course these walls were to be plastered. It is doubtful that this was 
the case. However, various other reasons have been given for the superiority of this brick and 
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prophesied that 'this may well be the future size of the bricks all over the world'. - It is clear 
now that after almost 20 years, this had not come to pass. 
As in all the other studies, conclusions related to costs appear to be made in the present (at the 
time of the study) based on data from the immediate past assuming that these conclusions will 
hold true in the future. This is indeed, contentious. 
The principle of cost significance 
Wilfredo Pareto, an Italian economist, developed an empirical formula simple enough to 
explain the phenomenon of income distribution. It was shown that distribution of income in 
the upper ranges of income of people (i. e. above the mode) approximately follows the 
equation 
N= AX-' 
where X is income per annum., N is the number of persons in receipt of that income or a higher 
amount, and A and (x are constants to be found from empirical statistics. Basing his 
calculations on the statistics of several countries, Pareto came to conclusion that (X was 
approximately 1.5. This phenomenon is also known as the 'Pareto Law'. (Cirillo, 1979, p. 62). 
It is widely believed that the oft cited '80-2 
* 
0' rule, i. e. that 80% of the wealth of a country is in 
the hands of 20% of the people and vice versa, flows from this phenomenon espoused by 
Pareto. (Note that this is exactly so when cc = 1.0) 
The application of this rule has been demonstrated with particular reference to bill of 
quantities by Barnes (1971), Moyles (1973) and Saket (1986). According to Saket the 
importance of this rule is two fold. First, if the items of a bill of quantities which account to 
80% of the costs can be found, then the overall costs can be arrived by multiplying the value 
of these items by 100/80. Second, control of 80% of total project costs can be effected through 
control of only 20% of the bill items. These observations embody what is now known as the 
6principle of cost significance. 
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2.9 System Behaviour: Dynamism, Non-linearity, Positive and Negative Feedbacks 
It is useful to examine what is meant by a non-linear dynamical system, as chaos theory 
(introduced later) is also discussed within this framework (Crutchfield et. al., 1986). It is also 
useful from the point of view of understanding how systems behave. 
A dynamical system is said to consist of two parts: a state (essential information about a 
system in terms of the values of one or more variables); and a dynamic (a rule that describes 
how the state evolves with time). A pendulum is a simple example of a dynamical system. Its 
dstate' is described by its velocity and position, whilst the rule that describes how the states 
evolve is provided by Newton's laws. Many examples of similar systems are to be found in 
nature. The sun and its satellites, the waves in the sea, are some examples. In other words, a 
dynamical system is a simple model of a time-varying behaviour of a actual system. The 
construction industry in general and the brickwork at a construction site would fit in to this 
description as a 'system' and 'sub system' respectively. 
Systems may either be linear or non-linear. The implications of a non-linear system, unlike in 
the case of a linear system, is that given an input, a non-linear system may not have a definite 
output but different outputs. Linearity is easy to understand. If we go to a shop and buy a kilo 
of rice at a certain price, two kilos will cost twice as much. If a linear spring is stretched by a 
certain increment, its increase in tension would be proportional to the extent to which it is 
stretched. The pendulum is considered to be a linear dynamical system. However,, non- 
linearity is not as easy to understand. Situations of non-proportionality, amounts to non- 
linearity. A system with two variables x and y, expressions such as x2 or sin (x) indicates non- 
linearity. Furthermore, in non-linear systems, given a cause, it may have one or more 
outcomes, whereas in a linear system there would be only one outcome. Parker and Stacey 
(1994) point out that people behave in a non-linear way. This is illustrated by demonstrating 
that people can be risk-averse when expecting a gain and risk-seeking when facing a loss. A 
linear system does not allow for such asymmetric views. A further example is given from the 
financial markets. for example, the impact of a one percent interest cut is considered to be 
dependent on how the market interprets it. (The Economist, 9 October, 1993, p. 10). With 
respect to this study, a brick of a specific size may not produce a wall of a specific width but 
of different widths; an increase in the number of bricklayers for building a wall may not 
necessarily yield a proportionate increase in its output (Thomas et al. 1990, p. 713-714). These 
are example of non-linearity. Such systems may therefore be referred to as 'non-linear 
dynamic' systems. 
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These systems are said to be driven by positive and negative feedbacks. In a negative 
feedback system, when a system deviates from the norm, it is regulated to negate the 
deviation. For example, if an iron is set to a certain temperature, when its temperature drops, 
the system is driven to nullify the drop in temperature. Usually, most planned systems are 
driven on the notion of negative feedback. In the construction industry, activities related to 
cost control, progress control, and budgetary control are negative feedback systems. 
In contrast, positive feedback is the opposite of negative feedback. What happens in such a 
system is that the system is driven to increase the variance further and further. Positive 
feedback does not cancel out deviations, rather it reinforces them. Therefore, whilst negative 
feedback is dampening and stabilising, positive feedback is amplifying and destabilising. 'This 
type of feedback appears to be widespread in econorrdc and business life. It can take the form 
of self-reinforcing growth, bandwagon effects, chain reactions, self-fulfilling prophecies, 
virtuous and vicious circles' (Parker and Stacey, 1994) In fact, systems which are chaotic, as 
will be seen, will exhibit positive feedback: 
2.10 The 'Study of Chaos' 
As this study progressed, it was realised that variations in the study variables caused much 
disorder in the practices and procedures adopted in industry, as explained in Chapter 3. In the 
pursuit of a word to describe this situation, the word 'chaos' seemed to provide the meaning 
sought. 
Thus, it was necessary to examine the relevance of a new line of scientific inquiry referred to 
as 'chaos theory' which has caught the popular imagination. 'Unlike relativity and quantum 
mechanics, chaos is a science of everyday things - of art and economics, of biological rhythm 
and traffic jams, of waterfalls and weather.... ' (Hall, 199 1). 
What is 'chaos theory'? There is disagrbement amongst scientists as to how it should be 
defined (Holte, 1993) although Appendix 2.1 provides some definitions and explanations 
given in other sources. In fact, scientists and mathematicians have rarely used the expression 
Gchaos theory' at all, preferring to refer to it as 'the study of chaos' (Feiganbaum, 1993), or the 
investigations of 'Time, Dynamics and Chaos(Prigogine, 1993). According to Kellert (1993), 
'chaos theory is not really a theory in the old-fashioned sense. There is no simple, powerful, 
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and comprehensive theory of all chaotic phenomena, but rather a cluster of theoretical models, 
mathematical tools, and experimental techniques'. 
The intention of the literature survey was to focus on the relevance that chaos theory has for 
this study. Hence the strategy adopted was to look at broad features and characteristics of 
chaos theory rather than the mathematical models and techniques associated with it. 
Chaos and non-linear dynamical systems 
Chaos theory focuses on 'non-linear dynamic' systems. According to Lorenz (1993, p. 163), 
'chaos demands non-linearity'. It is in this framework of non-linear dynamical systems that 
the study of 'chaos' has developed. 
Sensitive dependence on initial conditions 
According to Holte (1993), many would consider the hallmark of 'chaos' to be 'sensitive 
dependence on initial conditions, also -referred to as the Butterfly Effect after Edward 
Lorenz's paper (1979), "Predictability: Does the flap of a butterfly's wings in-Brazil set off a 
tornado in Texas? ". It is a phenomenon, that a small alteration in the state of a dynamical 
system will cause subsequent states to differ greatly from the state that would have followed 
without the alteration (Lorenz, 1993). It also means that 'two systems that start very close 
together may eventually move very far apart, in much the same way that two paper cups 
floating next to each other at the top of a waterfall may well end up yards away from each 
other at the bottom' (Keller, 1993). Thus a very small change in say the value of a variable 
(even a simple rounding off error in its value) can lead to large variations in the outcome. The 
selection of the butterfly as a symbol for this phenomena is indeed apt. To quote Lorenz: 
'Perhaps the butterfly, with its seemingly frailty and lack of power, is a natural choice for a 
symbol of the small that can produce the great'. 
But, how could one know that there is chaos? The answer to this rather complex question may 
be gleaned by taking a simplistic view by a comment made by Lorenz: 'The most direct way to 
look for chaos in a concrete system, whether it is a simple object sliding down a slope or an 
atmosphere with its multitude of independent structures, is to work with the system itselL If 
we have released a board and watched or perhaps photographed it on its downward trip, we 
can easily retrieve it and release it from nearly the same point, to see whether it will follow 
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nearly the same path'. And if the paths are different, one may say that there is chaos, due to 
sensitive dependence on initial conditions. But that's not enough. For there to be chaos a small 
differences in the present state should lead in 'due time' to the largest difference that can 
occur. 
Gleick (1988), illustrated this phenomena, by using an interesting metaphor from folklore, 
whilst commenting that this is not an altogether a new notion: 
"For want of a nail, the shoe was lost; 
For want of a shoe, the horse was lost; 
For want of a horse, the rider was lost; 
For want of a rider the battle was lost; 
For want of a battle, the kingdom was lost! " 
Levy (1994) cites the case of an entry of a new competitor or the development of a seemingly 
minor technology as having a substantial impact on competition in an industry. 
However, one wonders whether the concepts of 'chaos' that were developed in the physical 
sciences can be so boldly applied in social sciences, when there is evidence of specific 
meanings being attached to 'chaos' (Lorenz, 1993, p. 23). Indeed, this is a complex question 
which cannot be answered easily. Perhaps, this study, may provide some answers as there is no 
evidence as yet of any attempts of applying these concepts in construction management. 
The phenomenon referred to herein, has also shown that small errors may never remain small 
in relation to the final outcome. This is of importance from a philosophical point of view, as it 
forces us to reassess the methodological assumption that small errors will remain small 
(Kellert, 1993, p. x). 
Long term unpredictability 
The very nature of 'sensitive dependence on initial conditions' suggest outcomes which are 
apparently random and chancy (Kellert, 1993, p. xii). Thus, one may pose the question, as to 
whether the outcomes of a time-varying system which is fundamentally so, is predictable. 
According to Peitgen (1993), an apparent paradox is that chaos is deterministic, meaning that 
later states evolve from earlier ones according to a fixed rules or laws that do not themselves 
involve any element of change (see also causality principle, discussed later). Therefore, the 
future is completely determined by the past (and devoid of randomness in the broader sense); 
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but in a chaotic system, small uncertainties, much like minute errors of measurement that 
enters into calculations, are amplified, with the effect that even though the behaviour is 
predictable in the short term, it is unpredictable in the long term. The discovery of such 
behaviour is considered to be one of the most important achievements of the understanding of 
'chaos' related to dynamical systems (Kelly, 1994). 
Short term predictability, & predictability horizon (i. e. limits to predictabili! y) 
As explained above, short term predictability implies determinism. Accordingly, chaos is 
referred to as 'deterministic chaos'. However, as prediction is only possible in the short term 
(due to the sensitive dependence on initial conditions), there is a limit within which such 
predictions can be made. This is referred to as the predictability horizon of a system beyond 
which it will never be possible to predict with certainty. It has been established, for example, 
that the predictability horizon in weather forecasting is not more than about two or three 
weeks (Peitgen, 1993). Thus the study of 'chaos' shows how limit to predictability arise (i. e. 
due to the sensitive dependence principle). 
Theparadox of data 
One is inclined to believe, that if it was possible to collect more data and the initial conditions 
(i. e. of a state) were specified with greater precision, then it would be possible to stretch the 
predictability horizon. However, it is said that some of the first conclusions of chaos theory, 
have altered this view point. Even simple deterministic systems can generate random 
behaviour (in the long term), and that randbmness is fundamental; gathering more information 
does not make it disappear. (Peitgen, p. 36. ) 
Order in chaos (i. e. 'orderly disorder') & attractors 
Crutchfield et al (1986) states that there is order in chaos; the randomness has an underlying 
geometric form (attractors). It is useful to describe briefly what an attractor is. Consider the 
case of a swinging pendulum. -Eventually it will come to a rest at a point. If the pendulum is 
given a little push, it returns to the same fixed-point. The point does not move. It is a fixed 
point and since it attracts nearby orbits, it is known as a point-attractor. Hence, an attractor is 
what the behaviour of a system gets attracted to. Some systems do not come to rest at all, as 
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for example a pendulum clock. It can be 
, 
shown that this motion when mapped in a 'state 
(phase) space' produces a cycle, and as such are referred to as limit cycles. To explain it 
further, consider a flag fluttering in a steady state breeze. 'Neither will it hang limp or extend 
itself directly into the breeze. Subfreezing temperatures will not occur in Honolulu, nor will 
relative humidifies of 15 percent. The states of any system that do occur again and again, or 
approximated again and again, are attractors' (Lorenz, 1994). 
There are many such attractors with different geometric forms in systems that come under 
'chaos theory' (See Gleick, p. 114). An attractor which is of particular interest to chaos is 
called a strange attractor. It '... consists of an infinite number of curves, surfaces, or higher- 
dimensional manifolds - generalisations of surfaces of multi-dimensional space - often 
occurring in parallel sets... ' (Lorenz, 1993, p. 48). 
Levy (1994) points out that it is this promise of finding a fundamental order and structure 
behind complex events that probably explains the great interest 'chaos' has generated in so 
many fields. 
Bounded instability 
In theory, a pencil standing on its point exactly vertically will continue to stand forever. It is 
said to be in a state of equilibrium. However, an equilibrium is considered to be unstable, if a 
slight change will result in a vastly different state. Consider giving a minute push to the pencil. 
The result will be a fallen pencil. In other words, the pencil is in an unstable equilibrium. 
This concept of unstable equilibrium has much in common with that of sensitive dependence - 
both involve the amplification of initially small differences. 'The distinction between a system 
that merely possess some states of unstable equilibrium and one that is chaotic is that, in a 
system of the latter type, the future course of every state, regardless of whether it is a state of 
equilibrium, will differ more and more from the future course of slightly different states... 
Chaotic systems may possesses states of equilibrium, which are necessarily unstable' (Lorenz, 
1993, p. 22-23). However, as the randomness resulting from this instability is attracted to an 
underlying form(s), its randomness is considered to be constrained or bounded. Hence, the 
word, 'bounded instability' (Parker and Stacey, 1994). 
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The narrowing down of the causality principle 
Science enables us to expand our understanding. What it is about science that provides this 
understanding? The three conceptions, namely the epistemic, the ontic, and the modal provide 
explanation. 'The epistemic conception holds that science advances understanding by making 
events less surprising, by making more phenomena expectable. The ontic conception views 
progress in scientific understanding as resulting from the disclosure of hidden causal processes 
which are responsible for apparently mysterious behaviour. And the modal conception sees 
scientific understanding every time we are able to characterise more events as happening out 
of necessity' (Kellert, p. 96) 
As stated above, according to the ontic conception, one of the characteristics of science is the 
ability to relate cause and effect. This is known as the causality law or the causality principle. 
In relation to a dynamic system, it means that the present state is, simply the consequences of 
the prior state, and the cause for its future state. This deterministic approach is excellently 
portrayed by Popper (as quoted in Kellert): 'The world is like a motion-picture film: the 
picture or still which is just being projected is the present. Those parts of the film which have 
already been shown constitute the past . And those which have not yet been shown constitute 
thefuture. ' What it means is that the present, past and the future are bound together by causal 
relationships. According to Peitgen (1993), what scientists believed was that 'ftorn 
approximately the same causes follow approximately the same effects - in nature as well is in 
any good experiment. And this is indeed tfie case, especially in short time spans. If this were 
not so, we would not be able to ascertain any natural laws, nor could we build any functioning 
machines'. 
But the question arises as to whether it is possible to precisely identify a given state, as there is 
always a possibility of a minuscule of error. And according to the principle of sensitive 
dependence, such small errors may amplify over longer periods indicating the breakdown of 
the causality principle. This is considered to be one of the significant lessons coming out of 
the study of 'chaos'. 
The route to chaos, and universality 
Both chaos and order can be observed in juxtaposition within the same system. There has been 
much interest in trying to understand how a System progresses from one to another, i. e. from a 
56 
Ch. 2-A Review of 
non-chaotic state or an orderly state (e. g. flow of water in a steady state) to a chaotic state (e. g. 
turbulence with eddies, whirlpools etc. ). 
Feiganbaurn (1993) has shown that there is astonishing regularity in the route to chaos, which 
he calls 'universality' (see also Lauweriýr, p. 50). To quote Fieganbaurn (1993, p. 52): '... 
[T]here is discernibly a precise "moment", with a corresponding behaviour which is neither 
chaotic nor non-chaotic, at which this transition occurs. Yes, errors do grow (referring to the 
impact of the sensitive dependence], but only in a marginally predictable, rather than in an 
unpredictable fashion. In this state of marginal predictability inheres embryonically all the 
seeds of the chaotic behaviour to come. That is, this transition point, the legitimate child of 
universality, without full fledged sensitive dependence upon initial conditions, knows fully 
how to dictate to its progeny in turn how this latter phenomenon must unfold. For a certain 
range of possible behaviours of strongly non-linear systems, this range surrounding the 
transition to chaos, the information obtained just at the transition point fully organises the 
spectrum of behaviours that these chaotic systems can exhibit'. This type of behaviour is not 
limited to fluids or gases, but is said to be repeated time and time again in nature, as for 
example in weather systems. 
Parker and Stacey (1994), on a similar note, identifies this transient state as a third state, a 
state of bounded instability, which they consider is qualitatively different to the other two 
states of stability and instability. Their reference to the other two states as, stability and 
instability, however, is incorrect, as the transient state is also unstable (due to the sensitive 
dependence of initial conditions). The use of the terms 'non-chaotic' and 'chaotic' to identify 
these states would have been more appropriate. 
This concept of a transient state, has been identified as of importance to management in 
general, as one where much creative and innovative behaviour emerges. This comment is 
based on the understanding gained by examining the process involved in creating fractals (a 
family of geometric shapes in which similar patterns are repeated at several different scales) 
which is incidentally due to the consequence of 'universality' at the transition to chaos. (See 
also Mandelbrot, 1993; Parker and Stacey, p. 30). They add that ' experimenters seeking to 
influence the outcome would have to operate on the boundary conditions... [although] they 
cannot determine what the system will do in specific terms; all they can do is bring about some 
general pattern of behaviour if the right environmental conditions are created. ' 
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Spontaneous self-organisation 
Recent studies have examined how order can emerge from chaos. As quoted by Stacey (1993), 
'when non-linear feedback systems in nature are pushed far from equilibrium into chaos, they 
are capable of creating a complex new order' (Prigogine and Stengers, 1984). For example, 
atoms in a gas when subjected to an external impetus (say heat), it can spontaneously re- 
organise to create a complex new order (Stacey, 1993). However, he points out that as systems 
proceed through chaos, some options may represent yet further chaos whilst others may lead to 
more orderly form of behaviour, but which will occur is considered to be unpredictable. If an 
orderly behaviour is reached, it is considered to have a dissipative structure. And in the case of 
the system of gas referred to earlier, energy must be applied if it is to be sustained. If the 
system is to develop further the dissipative structure must be short-lived making the system 
pass through chaos to reach a new order. 
He argues further that as human organisations are dynamic feedback systems just as nature's 
systems are and these new discoveries apply to 'organisations' as well and states that 
managers should base strategic directions of organisations by 'creat[ing] and discover[ing] an 
unfolding future, using their ability to learn together in groups and to interact politically in an 
spontaneous, self-organising manner'. 
An example from the past is as follows:: 
'Mediaeval bricks in the U. K. were burnt with wood fuel in kilns or clamps and 
from early 13th century sizes had varied from district to district 10 -15" long, 
5-7.5" wide and 3 1/4" thick. Flemish bricks were smaller, nearer to the present 
day bricks 8-9 3/4" long, 3 314 -4 3/4" wide and 13/4" thick. ... [T]he se latter 
sizes were used almost universally until 1784 when the tax of that date imposed 
on bricks produced an increase in size, as large bricks paid the same duty as 
small. When in 1803 the duty was doubled on bricks over 150 cubic inches in 
volume, the size settled down to approximately the present day dimensions, 
being that most suitable for handling by the bricklayer. This duty was ultimately 
repealed in 1850. ' (Bower, 1983, p. 77-78) 
The situation described is similar to the 'spontaneous self organisation' concept; the 
unexpected increase in the size of the brick by manufacturers (spontaneous self-organisation) 
causing revenue to drop as a consequence of the imposition of. a duty (an external impetus) 
and the subsequent modification of the duty structure (for shortliving the dissipative structure) 
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resulted in the re-manufacture of smaller size bricks ( spontaneous re-organisation to an 
orderly state). 
Understanding provided by chaos theory (in general) 
I 
The chaos theory shows (as discussed) how unpredictability and predictable behaviour arise in 
non-linear dynamic systems (either simple or complex) by constructing models, and by using 
experimental procedures that concentrate on holistic properties (i. e. by not breaking a system 
into its components) It also shows that there is a limit to predictability due to the sensitive 
dependence on initial conditions. However, it does not provide predictions of quantitative 
detail but of qualitative features. Neither does it reveal hidden causal processes (but displays 
geometric mechanisms) (Kellert, 1993). 
Implications of 'Chaos Theo! y' to Social Sciences 
Parker and Stacey (1994) state that human systems are non-linear dynamic systems which are 
'chaotic' in nature. As such the concepts in chaos theory can be applied. They conclude by 
pointing out that chaos theory has profound implications in the way businesses and economies 
are viewed, with the overriding message as the inability to plan long term strategies of 
businesses and economies. Instead, they suggest that the aim should be to create the conditions 
most conducive to a process of continuous change. 
Levy (1994), states that chaos theory provides a useful theoretical framework for 
understanding the dynamic evolution of industries and the complex interactions among 
industry actors. Although he argues that industries are 'complex' dynamic systems exhibiting 
'chaos' with features of unpredictability and underlying order, a certain amount doubt creeps 
in as to whether this is really so. Unlike. Parker and Stacey, Levy prefers the use of term 
dcomplex' instead of 'non-linearity'. 
Levy goes on to point out that the application of chaos theory to the social sciences is still in 
its infancy and that its application has been constrained by the fact that it has developed in 
relation to physical systems, without taking into account fundamental differences between 
physical and social sciences, as explained below: 
In the social world , 'outcomes often reflect very complex underlying 
relationships that include the interaction of several potentially chaotic systems; 
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crop prices, for example, ire influenced by the interaction of economic and 
weather systems. The search for a simple set of equations to explain complex 
phenomena may be a futile attempt... '; 
They differ in the source of unpredictability arguing that in physical systems 
unpredictability arise due to the inability to define initial conditions with great 
precision, non-linearity etc. but -- in the social world, far less accuracy is 
possible in defining initial conditions and the specification of a structure itself-, 
and 
Whilst physical , systems are shaped by unchanging natural laws (e. g. the 
Newton's laws of motion), social systems are subject to intervention by 
individuals and organisations. 
He argues that if industries do behave as chaotic systems, a number of implications (i. e. 
related to strategy) can be drawn: 
a. Long term planning is not only very difficult but essentially impossible 
b. Industries do not reach a stable equilibrium 
C. Dramatic change can occur unexpectedly (spontaneous self 
organisation) 
d. Short-term forecasts and predictions of patterns can be made 
e. Guidelines are needed to cope with complexity and uncertainty; It is 
the complexity of strategic interactions, whether in chess, soccer, or in 
business, that makes it essential to adopt simplifying strategies to guide 
decisions;. We need general guidelines because it is impossible to 
specify the optimal course of action for every possible scenario. 
The last sentence in V above is of much significance to this study. It brings out clearly the 
need for guidelines for the reason that it is. 'impossib e to speci the optima -course of ac i I Ify It on 
for every possible, scenario'. The wisdom of this recommendation emerges strongly in 
Chapters 7,8 and 9. 
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Implications of Chaos Theory to Construction Management Research 
The construction industry is, largely devoid of any studies related to the application of chaos 
theory. However. 'there appears to be situ&ions where unknowingly managers have practised 
some of the broad concepts emerging out of chaos theory. For example, the concept of not 
being able to predict far but short, is seen in the application of the price fluctuation formula. 
However, the intention herein is not to dwell into this aspect, as it is better done later. This 
study itself will hopefully provide new directions and new pointers. 
Perhaps, the only study is: by Gunning (1996) on the relevance of the chaos theory to 
construction management research. He, like others in the social sciences, argues that chaos 
theory provides a useful theoretical framework for examining the dynamic evolution of the 
construction industry and the complex interactions between the parties involved in managing 
projects. He points out further that the notion of the natural state of a systems as static 
equilibrium should be 'discarded'in favour of the phenomenon that nature, like the business 
world, is in a continually fluctuating state'. This view is akin to the notion of unstable dynamic 
systems in chaos theory. The idea of non-linearity appears when he points out that 'collected 
behaviour of the whole differs qualitatively from the sum of its individual parts... Traditional 
models based on linear expectations and on equilibrium have been increasingly shown to fail 
to deliver their promises Thus, he too, like Stacey, Parker and Levy considers industry to 
be a non-linear dynamic system. In fact, the chaos theory is based on this framework, as stated 
earlier. 
With the exception of references to the concepts of 'sensitive dependence' and 'universality', 
and other than those described above, Gunning fails to refer to the other concepts discussed 
earlier. In addition, there is also an apparent confusion in the use of terms 'chaos' -and 
'complexity' to mean one and the same, though he brings out the difference, when he 
comments that 'complexity interfaces chaos and order'. In fact, the use of the word 
4complexity' does not appear in chaos terminology although there appears to be similarity 
with the state of 'bounded instability', i. e. at transition to chaos (see McKergow, 1996). 
Notwithstanding efforts to explain chaos theory in general and its relevance to management, 
he fails to do much justice to the title of his study, i. e. application to construction management 
research, other than to point out that 'rational solutions may not be applicable to complex 
situations' due to the complexity of human behaviour. However, this study provides some 
other useful insights, as explained in the following paragraphs. 
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His reference to the notion of 'living with chaos' is interesting. To quote: 'As Handy (1993) 
declared, the possibility of perfection, or a "Theory of Everything" should be discarded. 
Paradox seem to be endemic, inevitable and perpetual. The more turbulent the times, the more 
complex the world, then the more the paradoxes. He argued [meaning Handy] that one should, 
whilst minimising inconsistencies and reducing contradictions where possible, learn to accept 
the paradoxes and live with them. They cannot be solved, or avoided, and may only be 
understood imperfectly. However, they can present clues as to how to proceed within a 
dynamic situation. ' The concept of 'order in chaos' is absent in this notion. 
As suggested by Levy (1994), Gunning too, highlights the usefulness of 'guidelines' to deal 
with complexity and chaos. In addition, he adds to this recipe, the use of 'decision rules' for 
dealing with complexity -a feature that emerges strongly in Chapter 9 of this study. 
The relevance of chaos theory to Sri Lankan brickwork 
Brickwork activities in formal construction may be expected to evolve over time based on a 
set of 'rules' (i. e. as per contract documents, etc. ). In this sense it is a dynamic system. As the 
outcomes differ (i. e. walls of different widths) even with the same inputs, it is non-linear. 
Thus, brickwork may be viewed as a non-linear dynamic system. In fact, 'chaos' as studied in 
'chaos theory' is also discussed within this framework of non-linear dynamic systems 
(Crutchfield et al., 1986). 
Apparently random and unpredictable phenomena also falls within chaos theory. As is shown 
in Chapters 3,4 and 7, Sri Lankan brickwork exhibits randomness with respect to the study 
variables. It is also unpredictable; the situation is such that it is difficult to predict as to the 
outcome given a particular size of brick and the wall width. For example, the size of the bed 
joint that would be adopted in this specific case could vary between 3- 30 mm. Thus, it 
exhibits unpredictability. 
As explained earlier, the hall mark of thaos' (as studied in chaos theory) is 'sensitive 
dependence on initial conditions. Brickwork exhibits similar sensitivities in many of its 
features. A simple example of this is in the tolerances of brick sizes; small variations in these 
tolerances can lead to varying wall widths, joint sizes and lap lengths. These phenomena are 
common in Sri Lankan brickwork and results in widely differing brickwork practices and 
products, which for purpose of this study will be termed as 'chaotic'. 
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These are not the only features of 'chaos' studied in 'chaos theory'; there are other features 
such as 
, 
'underlying order, the universality in the route to chaos, long term unpredictability, 
and the like. This study reflects on these features in forging ahead for developing strategies for 
coping with the chaos in Sri Lankan brickwork. 
2.11 Profiling 
The next chapter presents a profile of the. chaos in Sri Lankan brickwork. In this regard it is 
useful to investigate what a profile is. 
A profile, is simply an outline. It is also used for describing a brief biographical sketch. 
However, it appears that it this word has been used in a much broader context in education 
(Macro et al, 1989), in the study of communities (Hawtin et al, 1994) and more recently in 
housing repairs and improvements (Holmes et al, 1996). 
According to Macro et al. (1989) 'profiling' in education originally evolved in response to the 
needs of those teachers who wanted some kind of school leaving certificate (i. e. a record of 
achievement) for those pupils who would otherwise leave school without nothing. Its rapid 
growth in the education sphere was due to the discernible dissatisfaction with two traditional 
means of student assessment: the examination system and the school reporting methods, which 
concentrated on reporting on a narrow range of knowledge and skills. In 1987, the National 
Steering Committee on Records of Achievement in the UK outlined that, such records should 
recognise what pupils have achieved 'not [only] in terms of public examinations but in other 
ways as well; they should improve pupils' motivation and increase their awareness of 
strengths, weaknesses and opportunities; how well the school curriculum, teaching and 
organisation enable pupils to develop various skills which are to be recorded', and should also 
provide 'a more rounded picture of candidates for jobs or courses that can be provided by a list 
of examination results'. 
Broadfoot (1986) provides the following definition with respect to its use in the education 
sphere: 
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Profile 
A profile is a method of displaying the results of an assessment. It is not a method of 
assessment. It is essentially derived from a separation of a whole of an assessment into 
its main parts or components. 
A profile is a panoramic representation, numerical, graphical or verbal, of how a 
student appears to assessors across a range of qualities, or in respect of one quality as 
seen through a range of assessment methods. 
It is loosely used as a catch-all term for records and reports on pupils' achievements 
and experiences. 
Profiling in the area of housing repairs and improvements has evolved in relation to a method 
of reporting the results of 'condition surveys' (i. e. with respect to the state of repair in 
elements of a building). It involved the development of a comprehensive computer based 
database for the preparation of cost profiles and planned programmes of repairs of housing 
stock. (Holmes et al, 1996). 
According to Hawtin et al (1994) ,a 'community profile' is a 'comprehensive description of 
the needs of a population that is defined, or defines itself, as a community, and the resources 
that exist within that community, carried out with the active involvement of the community 
itself, for the purpose of developing an action plan or other means of improving the quality of 
life in the community'. They argue that whilst all community profiles may not be 
comprehensive, in their view, a 'good community profile ought to be cornprehensive[J ... The 
difficulties which people experience in their day to day lives cannot be neatly defined as 
'housing problems' or 'health' or 'social isolation'. Rather difficulties often interact in such a 
way that the whole is greater than the sum of the constituent parts. ' They also state that such 
profiles, if initiated by various government agencies, would find useful in policy planning, 
implementation, monitoring and evaluation. For example, such profiles may be useful in 
providing baseline information to be used as a benchmark for assessing future'development. 
Alternatively, community organisations may initiate such an exercise to demonstrate the 
existence of unmet needs and the like. Advice on its methodology is also provided, in relation 
to defining aims and objectives, its planning, collecting and analysing data and finally on 
presenting information and developing action plans. 
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A 'profile' may then be referred to as a 'panoramic or comprehensive description' of a subject 
under study which may be useful for a h6st of activities, whilst 'profiling' is the process of 
deriving information for displaying the results in the form of a profile. 
2.12 Summary 
This review shows that brickwork in the UK had been characterised by a degree of instability 
with respect to brick and joint sizes. Whilst the brick had declined in size, the joints in contrast 
have increased in size. The sizes of perpend joints and the bed joints adopted in the beginning 
of this century was different. With the publication of the BS 3921 in 1965 the joint sizes were 
adopted to be of uniform size. With metrication, the brick underwent a further decline in its 
standard size and appears to have stabilised at the current manufacturing size of 215 x 102.5 x 
65 mm. It remains to be seen whether this will be so in the future. The reasons for these 
observations are explained. 
A comparison of international standards on bricks show that there is no universal agreement 
on either the classification or the sizes oi bricks. In contrast, brickwork joints appear to be 
standardised at 10 mm. As to whether this should necessarily be the case with Sri Lankan 
brickwork is discussed in section 7.3. 
The differences in the laying of bricks and the bond patterns as adopted in Sri Lanka and in the 
UK are highlighted. Specific reference is made to the 'haphazard' bond - highlighting that 
bonds used in Sri Lankan brickwork falls broadly into this category due to the variation in lap 
lengths. Further differences are explained in Chapters 3 and 5. 
Issues related to the 'dimensional performance' of the brick is discussed too highlighting that 
such issues do not matter with regard to plastered brickwork. The concept of 'dimensional 
flexibility' of the brick is also discussed with respect to such brickwork. 
Reference is also made to 'Work Study' techniques such as activity sampling and synthesis. 
These are made use of in Chapter 8 in connection with output studies. The use of craftsman 
questionnaire/foreman delays surveys are. also explained showing that reliable and useful 
information may be obtained by seeking responses from craftsmen and/or foremen. 
A status survey of studies related to productivity are also presented in general and with 
specific reference to brickwork. It is pointed out that there is much opportunity to increase 
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productivity by method alone and this raises the question as to why Nations have not seriously 
examined this aspect with respect to brickwork as it would reduce labour costs. The many 
factors affecting productivity are also presented casting doubts on the possibility of adopting a 
general model to explain the variability in productivity. Attempts at modelling productivity is 
reviewed with the objective of evaluating the suitability of these models for studying the 
variation in output with respect to the study variables; it concludes that these models cannot be 
used for the purpose of this study. In addition, it is also noted that unit productivity estimated 
by the use of activity sampling models utilising the standard rating method are dubious. (See 
Chapter 8). 
Studies related to costs are also examined with respect to procedures for estimating costs and 
in particular with respect to issues related to the study variables. It can be seen that one of the 
main shortcomings of these cost studies are the invalidity of conclusions with respect to the 
future. Furthermore predictions made with data from the immediate past may hold true in the 
present, but may not necessarily be so with respect to an emerging future. 
'Chaos theory' is also discussed with special reference to its relevance of the study of chaos in 
Sri Lankan brickwork. 
The next chapter draws upon the review of profiling undertaken in the penultimate section of 
this chapter. 
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3.1 Introduction 
A PROFILE OF 'rHE CHAOS IN 
SRI LANKAN BRICKWORK 
, rhe aim of this chapter is to present features and characteristics of' local brickwol-k Mill 
specific re[crence to the StUdy variables and related issues. The problems created 1)\,. tjicý,, c 
Variables and an indication of the reasons for these niandestations are also presented. I lo\k, c\ el*, 
s-Olne Issues which are best presented 'In other chapter's have been omitted. The chapter 
by cxamining, the different sizes of bricks available in and al-OLInd ('0101111)0, WhiCh i, ý (11C 
commercial capital of Sri Lanka. 
Group: I 3 -t 
1: Exii-a-large (frorn Einhilipitiya) - 240 x 140 x 93 - Rarely availahle. 
Group 2: Standard size (SEC brick and special SLIppliers)- 232x 105x6l-, 216 x 105 x 67-DiffiCUll to ol), aill. 
Group 3: 1-ýIrgc size (from Kaduwela, Hanwella, Kotadeniyawa) - 203 x 102 x 2,193 x 92 x 56 - Not jis 
I', -cely availahle as Group 4 bricks. 
Group 4: Small size (from Kochchikade and nearby areas) -I 75x9 I x5 Iý 105 x 87.5 x 48 - Widk 1% ailah1c 
Note: Sizes 
-given i-cfer 
to bricks in the photograpjjý sizcs are -, 
kell ill Illillillictres. 
Fig. 3.1: Bricks Lised in and around Colombo ( 1996) 1 
67 
Ch. 3-A Prorile of Chaos 
The demand for bricks by the country's most populous urban area of Colombo is met through 
many hardware shops and also by the 'world markets for bricks' at Nawala and Katubedde. 
Lorry loads of bricks arrive at these localities every morning some times making two trips per 
day (see Fig. 3.5). These bricks can be divided into four broad groups depending on their size 
as shown in Fig. 3.1. Of these, there is a ready market for small size bricks from the 
Kochchikade area (i. e. Group 4) being cheaper and more freely available than other bricks. 
This is also the main source of supply to Colombo. These 'biscuit like' bricks though 
considered to be low in strength, are strong enough, in view of their use in walls carrying 
either light loads or their self weight. Kodikara (1996) has shown that these bricks could even 
be used in two storey buildings. After all, ivalls built with mud do stand for centuries, so why 
not walls with burnt clay bricks and cement mortar? (de Vos, 1977) 
With respect to the other Groups mentioned in Fig. 3.1, bricks in Group 3 (i. e. referred to as 
large size bricks) are used much more than the bricks in Groups I&2. The standard size 
bricks in Group 2 do not appear to be used often whilst extra-large bricks in Group I are rarely 
used. 
The wide variations in sizes are not limited to Colombo but are common in other populous 
urban areas such as Kurunegala, Kandy, Galle and Ratnapura (Bogahawatte, 1986, p. 40-41; 
NARESA, 1991, p. 46). Whilst bricks vary in size, so do brickwork joints (Fig. 3.2). 
'Chaotic' practices have developed over the past two decades with many associated problems. 
The status-quo appears to continue which often results in ad-hoc solutions with scant regard to 
costs. 
3.2 The Decline in the Brick Size in Modern Sri Lanka 
3.2.1 The Era Syndrome 
The Colonial/Pre-Bureau Era 
Discussions with Professor Nimal de Silva (Dept. of Architecture, University of Mortatuwa) 
revealed that the brick used during British rule in Sri Lanka (1815-1948) was 9" long. An 
examination of a building being demolished revealed that bricks with dimensions of 9"x 4 
1/2"x 2 1/2" and 9" x4 3/8" x2 3/8" were used for its construction in 1933. Similar sizes 
were found in buildings constructed during this period of time (e. g. the Royal College building 
& the Public Trustee's Building). Single brick thick walls were 9" thick.. These were referred 
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to as inch walls' -a reference which is used even today for single brick thick walls. 
The first evidence of the decline in brick size was witnessed dUring the Second World War 
period due to the very high dernand foi- war time structures. DLii-in,, the post-i ridependence era 
(i. e. from 1948) the brick diminished in size further. An examination of a bUlildincl constructed 
during the late fifties (around 1955) revealed that bricks of 8 3/4" x4 3/8"x 2 t/4" had been in 
LISe (i. e. smaller than the 9" brick). However, even CILIHIIII this period the walls had been built 
to a thickness of 9" with the *chapparLC (i. e. the face plaster on the hCadCr Course as Seen 111 
Fig. 3.2) making Lip the 1/4" oil the header Course. (See Chapter 5.22.1.2 for fUrther details. ) 
kljý 
Fig. 3.2: Mortar in brickwork joints including (lie 'chapparu' Joint C, i 
69 
Ch. 3-A Profile of Chaos 
The Post-Bureau Era 
The Bureau of Ceylon Standards, as it was known, published the first Standard on burnt clay 
bricks (i. e. CS 39) in 1968- three years after it was established. It specified the use of a 3/8" 
thick mortarjoints; with a brick size of 8 5/8" x4 1/8" x2 3/8". An examinations of a building 
constructed in 1972 revealed the presence of 8 1/8"x 4"x 2 1/4" bricks suggesting the use of 
sizes smaller than standard sizes. Therefore, non-standard bricks were available despite the 
introduction of the Sri Lankan Standard on bricks. 
The Liberalised Economy Era 
With the liberalisation of the economy in 1977, Sri Lanka witnessed an era of unprecedented 
growth. Whilst the average growth rate of the construction sector during the period 1970 - 77 
was -2.6% per annum, it shot up to a high 28.3% in 1978 followed by 20.9% and 11.0% in 
successive years (Annual Report, Central Bank of Ceylon, 198 1). Clearly, the demand on the 
construction materials sector was high and it had its toll on the brick though there weren't any 
scarcities. The brick which had remained static in size during the 1970-77 period underwent a 
rapid decline from this point onwards. Currently, bricks of 170 mm long (i. e. about 6 3/4") are 
available in the market today (1995). 
3.2.2 The Colombo Syndrome 
Whilst bricks produced for populous urban areas such as Kurunegala, Kandy, Galle and 
Ratnapura are larger (see Table 1), the majority of bricks produced for the Colombo market 
(coming from the Kochchikade area) are the smallest in the whole country, with bricks as 
small as 165 x 87.5 x48 as shown in Fig. 3.1. 
3.2.3 The National Syndrome 
The brick size appear to have reduced in size in almost all the areas shown in Table 3.1 but for 
bricks produced in the Hanwella (Kaduwela) area. Not only has it declined in size but other 
different sizes exist as well. 
Whilst the position with respect to urban areas is as discussed above, much larger bricks such 
as 254 x 143 x 89 mm (Polonnaruwa), 229 x 152 x 86 mm., 229x 102 x76 mm, ( 
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Kataragama), 246 x 145 x 95 (from Embilipitiya, available in Colombo) have been used 
mainly in non-urban areas. These bricks can be used to construct walls of different widths 
using their length, breadth or the height as the thickness. 
Table 3.1: 
Average sizes of bricks (1986-1996) 
Location Average size of brick 
1986 1990 1996 
Colombo: 
Kochchikade 
Hanwella 
198 x 96 x 49 
197 x 97 x 52 
189 x 93 x 47 
196 x 103 x 53 
177 x 90 x 47 
194 x 96 x 49 
Kandy 224x 106 x ý9 - 205 x 98 x 59 
Kurunegala 227 x 102 x 58 - 220 x 93 x 55 
Ratnapura 223 x 109 x 54 - 204 x 99 x 50 
Galle 
- 
200 x 99 x 52 
- 214 x 94 x 53 
180 x 90 x 45 
Sources: 1986 data: Abeysekera, 1987, p. 6; 1990 data: Abeysekera, 1990, p. 6-5; 
1996: Appendix 9.10 
3.2.4 The institutional Syndrome 
The Bureau of Ceylon Standards, now better known as the Sri Lanka Standards Institution 
(SLSI) was established in 1965. It published the first standard on burnt clay bricks in 1968 (i. e. 
CS 39: 1968 - Common burnt clay building bricks) specifying a size of 8 5/8" x4 1/81, x2 5/8" 
as mentioned in section 3.2.1. In many respects, it was similar to the BS 3921 of 1965. This 
Standard was revised in 1978 to take cognisance of the abundance of smaller size and low 
strength bricks in the market place. It specified a modular work size of 190 x 90 x 65 mm, 
whilst totally abolishing the use of the earlier size. The Institution of Engineers, concerned 
over this development, constituted a committee to review this new Standard. After much 
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deliberations it recommended the re-introduction of the format size specified in CS 39: 1968. 
And in 1981, the SLSI issued an amendment to the Standard by converting the original size 
which appeared in imperial units to a metric equivalent of 220 x 105 x 65 mm, a brick, which 
is larger than the current British Standard brick of 215 x 102.5 x 65 mm. The BSI over a 
period of time had also gradually reduced its from 9" to 215 mm. (i. e. 8.46"), as explained in 
section 2.2. Whether this size will reduce further due to the modular co-ordination programme 
is yet to be seen. 
These initiatives of the SLSI and the MLGHC (as explained in section 1.1.3) have not been 
able to arrest the decline of the brick size in Sri Lanka. Despite the Treasury Circular 
mentioned therein bricks which do not conform with the SLSI standard are still being used. 
The BMMC, who was entrusted with the production of standard size bricks was closed down 
subsequently although the factory (at Dankotuwa in the Kochchikade area) was taken over by 
the State Engineering Corporation (SEC). Its current production capacity is considered to be 
only a fraction of the demand for bricks in Colombo. 
There are many shortcomings in the SLSI Standard for bricks. However, it's next revision is 
low down in SLSI's agenda. Lack of funds and lack of opportunity to generate funds from a 
certification scheme, are some of the caiases for this attitude by the SLSI (as revealed by 
Director Engineering Standards, SLSI, 1992 and in 1996). 
Many R&D organisations such as the ICTAD, NBRO, IDB have also failed to respond in 
adequate measure to the dimensional problems associated with the brick. The ICTAD's 
committee on 'standardisation of building materials' has discussed the issue of standardisation 
since November 1993 (ICTAD archives). BMMC's efforts to infuse new technology in 1991 
has also failed (see Appendix 3.1). The Industrial Development Board (IDB), situated far away 
from the principal brick manufacturing areas has not. provided any extension services to the 
brick industry. Recommendations of two landmark studies (Bogahawatte, 1986 and 
Ganesan, 199 1) have also not been addressed. 
3.2.5 The Production Syndrome 
The Foreword to the Sri Lanka Standard on burnt clay bricks (1978), commented that there is 
'... considerable variation in the quality anddimensions of the finished bricks continue to exist. 
This is partly due to the considerable variations in the composition of the clays used for brick 
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making, but more ftequently the poor standard of bricks is due to the improper preparation of 
the clay mixture, moulding, drying an firing of the bricks. To guide the small scale 
manufacturers in overcoming these problems, preparation of a code of practice on the 
manufacture of hand-made bricks has been undertaken. This code of practice would include 
simple field tests on bricks which could be carried out without the use of laboratory 
equipment... '(SLS 39: 1978, p. 3). Whilst those who drafted this Standard were well aware of 
the problems of the brick industry, the promised code of practice never materialised. 
A survey undertaken in 1991 (Appendix 3.2) as part of this study revealed that most brick 
manufacturers had no idea about the dimensional requirements of a brick. Neither its standard 
size nor the principle of dimensional co-ordination (i. e. Length =2x Breadth + 10 mm) was 
known. Only one out of the 35 brick producers surveyed explained the need to produce a brick 
longer than twice the breadth. This attitude is not surprising as the principle of dimensional 
co-ordination does not appear to make any sense to the brick manufacturers. As many as 34 
out of the 35 interviewed favoured a brick with L-2B with the perceived convenience of 
stacking. A brick manufacturer at Hanwella had this to say: 
"I use a mould which is 9"x4V2"x2 0"' to produce a brick which is 8"x4"x2" as it shrinks by 
one inch lengthwise, by haV inch breadth wise and quarter inch heightwise. I don't see why the 
length should be made longer, as it is easy to stack the bricks this way. " (See Fig. 3.3) 
Results in Tables 3.2 and 3.3 provide further information on length to breadth ratios and L-2B 
values. 
Table 3.2: A comparison of length to breadth ratios with standard size bricks 
BS brick ( 215 x 102.5 x 65 mm) 2.098 
SLS brick ( 220 x 105 x 65 mm. ) 2.095 
A modular brick (190 x 90 x 65) 2.111 
Site Survey Kiln Survey 
Year Average Std. Dev. Average Std. Dev. 
1986 2.047 0.056 2.023 0.052 
1991 - - 1.981 0.087 
1996 1.97 1 0.120 2.027 1 0.050 
Data: 1986: Abeysekera, 1987; 1991 - Appendix 3.2; 1996 - Appendix 9.9. 
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Fig. 3.3: A timber brick mould and a fired brick (Flanwella) 
Table 3.3: 
comparison of values of L- 2B with [lie standard size of 10 111111 
Year Average Std. Dev. 
1991 - 1993 3.5 7 rn in 6.49111111 
1996 3.53 nirn 6.77 min 
Data: 1991-1993 - Appendix 6; 1996 - Appendix 9.9. 
Clearly, the combined results of these two tables show that there is a signlificailt variation frojil 
StaliCkird VZ11LICS with a decline towards a brick where the length Is equal to twice Ile breLldth. 
Fu rt lie i-more, it also shows that bricks with the length less than twice tile breLl(Itil zil-c zjj, ýo 
produced in limited quantity. 
concel-lis have also been expressed of the neccl to illVeStl, ", Ite OIC I-CSOLII'Ce bISC I-CCILIII-ed fol, 
1()IICOý tC[-Ill SLIstenance of the brick Industry in view of the climmishing clay 17, 
Booahawatte, 1985. p. 132) and Othel' I'CSOLII*CCS (CDN, 2 Ist JUnc, 1996). C, 
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Fig. 3.4: A typical brick production unit 
3.2.6 The Customer Syndrome 
Thc public (CDN, April 12,1995). the industry and academia have expi-cssecl stl-(),, L, cojiccj-,,. ý 
about the deteriorating quality of' bricks. Despite such concerns, the demand 17or bricks appear I 
to grow. Bo-allawatte - ail academic - claims that this is due to CLIStOrners b6m, ý- II iVe to 
(ILMIlLy differentials and that such patterns will not encOUrage hrickmakers to PI-OCILICe LJI. Killk 
bricks as there has been an overall negligence of qUality. Dimensional 1'eCILICt[Oll ýIIIIICLI 11 
thC COSt 01' PI-OCILICUOII haVC been faVOLIred by the 111MIL[I'LICtL1111111 C011111IL11111y (I 9SO. 1). 
129). 
I-lowever, do these bricks satisfy the 'expectations Of the CLIStomer'? After all it wall can he 
I)L, 11t with existing bricks which will not collapse or crack (11-11*11111 its life span. As Such, (lie bl' Ck C, -- II 
111MIL11'ýICIL11'Cr May well ponder as to what then is wrong IIII ,,, with the existing brick. 'rhere appear, 
to he a '1111smatch I in the conceptual ization of what is conceived as desirahle and vdiat thc 
IIICILI. Strýý is content with. 
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3.2.7 The Transport Syndrome 
The brick producers do not LISLIally come in contact with the users as tlicy are locatcd away 
1*1-01-n LII-hZIII areas. (See Appendix 1.3) Most clo not own 101-1-ICS to trMI-SpOrt. 'HILIS It IS IlIC 
ti-mi. sporter who often provicles feed back on tile CLIStOnIff's rOCILHIVInCrIts. Brick,, I'C(ILIII-C(l for 
Coloniho are usually transported in lorries with lialf bodies. (See Fig. 3.5) These lorrie. s havc a 
stora'-'e Capacity of 189 x 431 x 50 - 52) cm. Bricks are stacked In columnar fOrm \001 
altCriiate layers of headers and stretchers with 10 layers to the top of' the side hoard (i. e. ýý Ith 
small size Koclichikade bricks). Similarly, it holds 10 stacks breacithwise and -)-) stacks 
lengthwise (i. e. 10 x 22 format with 2x 22 x 10 bricks per layer). DiSCLISSiOnS W-Ith trZIII.,, poIJCI'S 
revealed that since 1993/1994 this format has not changed ( 1996) whilst the earlier format had 
been 9x21. This amounts to a recluction of approximately 14.117c in volume from the pre I ()()-i 
ci, ýI. 
Fi -. 3.5: 
Lorries transporting bricks (parked at Nawala, (lie 'world market' ofliricks) 
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A 10 x -1-1 x 
10 combination amounts to 4400 bricks. With another 100 hricks placed on the 
top (as shown in Fig. 3.5) they LISLially transport 4500 bricks, and with another 500 dicy top 
5000. A trend of recent origin is to stack 23 lenothwise and 10 hreadthwisc su,! (-, c,,,, tijI,! a 
fLIrtlICI- I-CdLICtiOII in size and an increase in the FIL1111ber of bricks to 4600 (with the hei'dit of' the 
brick remaining more or less the sarne). A size of' it brick with this combination is around 109 x 
89 x 46 nim. It is interesting to see what the next step will be. Perhaps a 23) xII combination 
may he possible with the nUmber transported reaching 5000. 
A, ý i-cl'Ci-i-eci to in section 3.2.5, a brick witli 1, =213 forinat appears to lie 1)ý, 111(2 
as ti)cy call carry more bricks. 
3.3 The Diversity in Brick Sizes 
Bricks have not only declincd in size bUt have being proclucccl In a wicle vII-Icty of si/. C. ',. (See 
Fig. 1.6) For example, III I SUrvey carried out by the researcher in 1987, the leng, th of' hrick.. ", al 
C'olomho sites varied fi-om 7.6- to 7.9" whilst the height varied from 2" to 2.15" (Abeysekera. 
19107. 
Fig. 3.6: A wide variety ot'hrick sizes 
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Some of the reasons for this are technological. During the Kiln Survey, it was discovered that 
there were different sizes of moulds that were used at the same kiln compounded by its wear 
and tear. Whilst some purpose make moulds, others simply purchase from the nearest shop. 
Sometimes, the shrinkage of clays delivered to site vary from load to load with the 
consequence of different sizes in the same batch (Abeysekera, 1990/9 1, p. 6-3). 
3.4 The Irrationality of the Brick Standard 
The foregoing discussion clearly shows that the Sri Lanka Standard on bricks has ceased to be 
of any regulatory value. It has prescribed one standard size when at least two broad groups of 
sizes appear to be used in Colombo. It has also failed to differentiate between: 
bricks used for walls where the strength is not important (as in self standing 
walls or lightly loaded walls) as against load-bearing brickwork; and 
bricks used for walls where appearance is not important (as in walls plastered 
on both sides) as against fair faced brickwork, 
The Sri Lanka Standard for bricks has many unique features; for example, the tolerance limits 
laid down appear to be one of the toughest (or perhaps the toughest) in the whole world as 
explained in section 2.2. Whether a cottage industry which produce bricks by hand could 
confirm with these tolerances are questionable. Furthermore, the standard length of 220 mm, 
and a breadth of 105 is uncommon. The reason for adopting these values are due to the 
metrication process whereby the metric values are an exact transformation of imperial values. 
In contrast, unlike the BSI, issues related to dimensional co-ordination of buildings had not 
been considered as well. Its shortcomings are many and these have to be addressed if any 
sense can be made out of this confusion. 
3.5 Unresponsive Designing & Detailing: The 'Nine-Inch' Saga 
Whilst architects & engineers are well aware of these non-standard, non-uniform sizes of 
bricks their approach towards coping with this problem has been poor. A Chartered 
Architect's comment is noteworthy: 
78 
Ch. 3-A Profile of Chaos 
"We normally specify the wall to be 9" thick. The structural engineer would then take the minimum 
size of the column to be 9" or 225 mm. But sometimes, clients purchase smaller brick sizes because 
they are cheap. They rarely realise that it is going to cost them more to construct a 9" wallfrom 
such bricks as quite a lot of mortar has to be used. When clients query us, we permit them to reduce 
the wall thickness and the column size to 8 112". Sometimes the labour sub-contractors take this 
decision without consulting us, especially in the construction of private houses. However, those 
who choose larger bricks, construct walls to 9 inches. 
(Discussions with ArclL Mak Piyaratne, ex-Treasurer, SH Lanka Institute ofArchitects) 
Approaches such as this defy the basic philosophy of design and could even be dangerous! 
In a survey of 44 consulting engineers (comprising 32 chartered engineers) only one was able 
to specify the standard thickness of wall (i. e. 220 with SLS bricks or 215 with BS bricks). Of 
the balance, 32 stated the thickness as 9" whilst nine stated it to be 225 mm. Clearly, there 
appears to be a costly misconception with regard to the 'nine inch wall'! (See Appendix 3.6 
and 3.7) 
How was it then that this 9" (225 mm) format has been adopted by many leading government 
and non-government consultancy organisations? The answer to this rather balffling 
misconception can be traced to the 'nine inch long' brick used during colonial periods. It was 
customary then to identify a single brick thick wall as a 'nine inch wall' as bricks were 9" 
long. In the modem context, this is really a 'misnomer' as the standard size of a BS brick or a 
SLS brick is 215 mm and 220 mrn respectively, meaning that, a matching wall must be 
detailed to 215 or 220 mm. And any columns/beams matched with it should correspond with 
these sizes. The failure of the professionals to realise this paradox has caused much confusion 
and unnecessary expenditure. 
3.6 The Variation in Wall Thickness 
Translating detailed sizes to physical products occur at site. A survey of 54 construction sites 
in Colombo from 1992-1994 showed an average thickness of 203.5 mm with a standard 
deviation of 15.3 mm and a range of 179.4 - 235 mm. (See Appendix 6. ) It can be observed 
therefore that, whilst some walls were thicker than standard sizes (such as the BS 215 mm or 
the SLS 220mm) many others were thinner than walls with modular bricks (i. e. 190 mm). Thus 
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it is ciLlite clear that the thickness of *single brick thick' walls vary widely. It nccds to be 
mentioned that the variation mentioned herein is o-crierally from site to site. it is ti. so not 
uncommon to have walls varying within the sanie- site as well. In order to prevent such I 
OCCUrrelICCS (in single brick thick walls), a practice that could be adOI)tCd I'S to WSC ýi Willi 
thickness -auae as shown in Fi(y 3.7. 
All LHILISLIal OCCLH-rcnce in Sri Lanka is the possibility of conmuctin, a wall - one brick thick - 
a) any We rangbg Boni 170 mni to 235 nim, by varying the sizes or the chappaw as requhvd. 
A lack of appreciation of the problems associated with the mis-niatch of beanis/column size.,,, 
with the wall referred to above has had its own toll (See chapter 4 and section 7.4.3. 'ý): For 
example, when a bcam is designed to a breadth of 225 mm any negligcnce in constructim-, a I- 
wall to a lesser thickness (i. e. say to a thickness SLICh as 200 111111) I-eAlItS in an cxceedingl\ hitfli 
Cost hV haVIll" to Use thicker plasters. Such practices will only erode the profits of hoth hr A 
kl, '(-)I-k aild IflaStel-Ing. (See Case StUdIeS In Chapter 4. ) 
Fig. IT A wall lhickness oaLl. (-Ie Z, In 17, 
80 
Ch. I-A Profile of0lao" .. 
3.7 The Irregularity in the Size of Brickwork Joints 
Brickwork ill English hond is very common ill Sri Lanka with f'OLII' types Of ]OMIS: M1111 
hed joint. tile two Cross I stretcher and header COLII'. Se. -,, alld tile Wall 10111( 111 I)CM-Cell Joints of tile 
the two parallel stretcher bricks, making Lip the fOL11'. However. Sri Lankan hrickwork ill 
characterised by what is commonly known as the 'chappaRl' Ill tile 11CýIdCl' COLII*IC. It C, 111 hC 
cither oil one side or both sides. (See Chapter 5 for details). 
F ig. 3.8: An arrangeinent of bricks in d header course witli 'inicro' 'o' cl _) Ints 
Table 3.4: 
Joint Size Inclictors (Single brick thick walls) I 
Joint Average joult 
size (mm) 
BS/SLS 
size (mm) 
Size Indicator 
BS = 100 
Bed mortar 17.11 10 171 
Chapparuwa 12.50 - - 
H/C - cross R. 14.67 1 147 
S/c - cross-R. 20.87 1 209 
wall-joint 16.08 1 161 
Note: For procedure adoptcd 1'01' COIIIIILltlll, l' thesc data scc Chapter 5. 
Data relatcs to 51) walls from 54 sites. (See Appendi\ 0 lot- data. ) 
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It is observed from Table 3.4 that joints are generally much larger than the prescribed standard 
of 10 mm conforming researcher's discovery in 1987 (Abeysekera, 1987). Fig. 3.8 shows an 
extreme situation in relation to the size of a header joint. Of the four conventional joints, the 
largest deviation is seen in the stretcher course cross-joint (209) with the bed joint coming 
next followed by the header course cross-joint (147). The smallest average was recorded by 
the 'chapparu' joint. The reasons for these large sizes and large variations need to be 
understood as discussed in section 7.3. Equally important are the ways in which these joint 
sizes could be controlled if mortar consumption is to be either minimised or maximised (see 
case studies in Chapter 4). 
3.8 The Confused Cost-Effectiveness 
Abeysekera. (1987), Ranatunga (1991) & Kodikara (1996) have all attempted to provide advice 
on the cost effectiveness of local brickwork. All these studies, as explained in Chapter 
, 
2, 
suffer from various shortcomings. Thus, as far as the 'economy' of local brickwork is 
concerned there appears to be a serious lack of knowledge on directions to be pursued for 
economising/ optimising the cost of brickwork. For example, out of the four groups of bricks 
shown in Fig. 3.1, which group of bricks would be selected to build say a wall of 215 mm? 
What size of joint would be used? Does this decision depend on the type of the mix specified? 
What is the impact of the thickness of the wall? Answers to these questions remain to be 
found. 
3.9 Unrealistic Estimating Norms 
It is widely believed that estimating norms were developed in the early 1950s by the now 
defunct Public Works Department known then as the PWD (Abeysekera & Meegoda, p. 6). 
These would have been developed further by three premier organisations, i. e. the Dept of 
Buildings, the Dept. of Irrigation and the Dept. of Highways which took over bulk of the work 
from the PWD. The 'Building Schedule of Rates' prepared by the Dept. of Buildings (i. e. the 
BSR), the 'Data for Costing' prepared by the Irrigation Dept. and the Highways Schedule of 
Rates by the Highways Dept. were three well known documents. 
The norms mentioned earlier would invariably have found its way to the offices of many new 
construction companies which mushroomed with the opening up of the economy in 1978 
perhaps undergoing further modifications with the passage of time. In the light of these 
comments, it would be useful to examine the work norms currently being used. Data obtained 
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from the contractor's survey are shown in Table 3.5 (see Appendix 9.5). Cases 1-6 & 8-10 in 
Table 3.5 refer to norms used by Grades I-3 contractors. (Under the 1995/96 ICTAD 
classification of grading national contractors, there are six categories with Gr. I contractors 
being the most capable). Case 07 refers to the norm adopted by a leading property developer. 
These norms refer to a mix of 1: 5 cement. (Note: Different mix proportions are used in 
industry varying from 1: 5 to 1: 10 with 1: 11- 12 rarely used. ). 
Table 3.5: Norms used by contractors for estimating cost of brickwork 
(one brick thick in cement sand 1: 5)# 
Case > 01 02 03 04 05 06 07 08 09 10 
Basis Cube Cube Cube Cube Sqr. Sqr. Sqr. Sqr. Sq. m. Cube 
Wall N1v N1v 9"* N1v N1v N1v N1v N/v 200 N/v 
Thickness 200+A 
Joint sizes 
I N1v N1v N1c N/v N/v N/v N/v N/v N/v N/v 
MATERIALS: 
-------- ----- ----- ------ ----- ------ ------ ----- ----- ------ ----- 
Bricks: 
Small (Nos) 2255 2000 1750* - 1400 1650 1350 155 1850 
- ------------------------------------------------------- ------ 
Bks(Large) 1870 1700 1450 1600 - 1350 1145 
-------------------------------------------------------------- 
Bks(Std. s. ) 1450 -1 .1- 
Cement 4.85 4.50 3.70* 4.00 3.0 3.25 3.75 3 See 4.5 
(50kg) 5.00 4.47 Case 9 
notes 
Sand 0.30 0.35 0.23* 0.35 0.20 0.20 0.30 0.20 0.5 
(cube) 0.35 0.28 
LABOUR: 
Masons S/c 2.5 4* s/c rate s/c rate s/c rate 3.5 S/c s/c rate sic 
rate 4.83 rate 
Labour 3.5 6* 3 
7.25 
Increase of 2% 10% Add I 
rate/ floor labour 
Abbreviations: N1v - Not varied in the norm.; Sqr. - Square (= 100 sq. ft. ); Sq. m. - Square meter; A- Variable 
increments; #- Refers to walls which are about 200 - 225 mra thick; Refers to 9" thick walls 
Note: For notes on Cases 1-8 & 10, see Appendix 3.3 
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Note on Case 9: Unit cost of mortar is computed by assuming that 19 bags of cement and 1.25 cubes of sand 
for one cube of mortar with 3 days labour. Volume of bricks and mortar per cubic meter in a 200 min thick wall 
is assumed as 73% and 27% respectively assuming the use of smaller bricks. In order to compute the material 
cost per sq. m., the number of bricks per sq. m. (i. e. 155) is multiplied by its unit price (delivered to site), and the 
cost of mortar is added by multiplying the volume of mortar by its unit costs. The volume of mortar is taken as 
Im x Im x 0.2m (i. e. 0.2 cu. m. ). The labour cost is added to arrive at the total cost. The tender is qualified by a 
statement on the thickness of wall (i. e. as 200 mm). The Estimator establishes through informal discussions with 
the Architect whether the thickness of the wall could be reduced to 200from the usual size of 220 or 225 mm (if 
specified). If so, the cost is taken to be as that computed above. If not, the additional cost of mortar and labour 
for a mortar thickness of 20 mm (i. e. 220-200 mm) is added to the above cost. Whilst the mortar cost is 
established as before, the labour cost is computed by arbitrarily assuming a rate per sq. m. for a mortar thickness 
of 20 mm. When the mLr is changed to 1: 8 the mortar cost is computed byfirst principles as before. In multi. 
storey construction a flat rate is adoptedfor allfloors. 
Norms used by consultants also vary. (Abeysekera, 1996). These norms have by and large 
remained unchanged although some contractors have attempted to revise according to the size 
of bricks as shown in Table 3.4. Nevertheless, norms differ widely and appear to be of dubious 
quality and use. 
A practice that appear to be adopted by contractors is to change the wall width unilaterally (see 
chapter 4 and section 3.14). Uck of due regard to such issues lead to various other strategies. 
As for example, a practice adopted by some contractors during the tender stage is to establish 
(through informal discussions with the Architect) whether the thickness of the wall could be 
reduced to 200 from the usual size of 220 or 225 mm. (as specified). Cost is varied 
accordingly. Perhaps a more formal procedure would be to qualify the rate with the assumed 
wall thickness, especially when there is an ambiguity between drawings and BoQ descriptions. 
The practice adopted by, some other contractors is to ignore these issues altogether. Instead, 
they would price the unit rates based on a 'worst case' norm using the number of bricks 
relating to the smallest size and the worst case scenario for mortar consumption. 
However, what is clear is that by and large the norms do not reflect site practices, especially 
due to the variations in brick size, joint size and wall thickness. 
3.10 The Complexity of Dealing with Labour Sub -Contractors' Quotes 
The process of estimating is complicated further by the units in which sub-contractors quote, 
viz. per cube, per square and per brick. Of these, the latter is rarely used. Of the other two 
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types, perhaps due to the per cube rate being higher than the per square rate, sub-contractors 
appear to prefer to use the latter. 
Whilst contractors to use sub-contractors' rates, consultants use labour days to arrive at the 
cost of labour. A cursory examination reveals that the cost arrived at by the use of such a 
labour norm is much greater than the prevailing sub-contract rate (i. e. about 30-50%). 
Research under way has revealed that when main contractors do not fix sub-contractor's 
labour rates, they (i. e. sub-contractors) usually adopt a norm of 2 masons and 2 labourers per 
square of brickwork to which is added a small margin as overheads and profits (Abeysekera & 
Munasinghe, 1996). 
3.11 The Failure of Conventional Material Reconciliation Statements 
The practice of reconciliation of estimated quantities with actual consumption is well 
established though used sparingly in Sri Lanka (author's perception). Inspections of attempts 
made by a handful of contractors have revealed that variances are substantial. This is not 
surprising due to the lack of control over the size of the brick, joint sizes and the wall 
thickness. Therefore, if a decision can be made on the values of these parameters beforehand, 
to tally with the norm used for estimating, this method of control may be possible. In the 
alternative, a norm can be developed based on average values of the parameters related to 
actual execution. And if so, it may be possible, for example to check whether mixes are 
proportioned correctly. If not, it may be necessary to devise other methods of control. 
3.12 High Wastage of Bricks 
As the material cost of local brickwork is significant (as shown in 1.3) the control of material 
wastage emerges as an important issue. The cost indicators for bricks, cement and sand (in the 
construction of single brick thick walls) was found to be approximately 225,100 and 21 
respectively based on 1990 prices (see Appendix 1.3). This suggests the importance of 
controlling the wastage of bricks particularly. 
Jayawardena (1992) surveying 25 medium to large construction contractors requested 
contractors to list allowances for wastage they use in their unit price estimates with respect to 
various materials but failed to determine whether these allowances would change depending 
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on the type of item being priced. Thus, these values are of general interest only. (See Table 
3.6: S 1) 
This study too investigated the wastage of materials related to brickwork. None of the 
organisations/sites visited had records on wastage. Attempts to obtain the quantities of 
materials delivered to site was also difficult due to poor record keeping. Existing norms could 
not be used to compute the theoretical quantities either due to variations in size of bricks etc. 
as explained before. However, one option which was available (with large construction 
companies) was to compare the number of bricks delivered with the number laid by a physical 
count (i. e. before the plaster is rendered). As this approach could only be adopted in large 
scale construction companies, it was not pursued. Hence the procedure adopted was to ask the 
&craftsman' for their estimates of wastage (i. e. long term averages relating to the amount of 
bricks which are unusable; Appendix 9.4) The survey results are shown in Table 3.6 under S2. 
A comparison of results in Table 3.6 between S1 and S2 (though not strictly comparable) 
show that wastage estimates are similar with respect to bricks and sand. However, with respect 
to cement, the figures are substantially different. There is no justifiable explanation for the 
high figure of Jayawardena (S 1) and this is rejected. 
Table 3.6: 
Wastage of cement, sand and bricks 
Cement Sand Bricks (%) Mortar (%) 
Statistic 
Sl S2 Sl S2 Sl S2 S2 
Range 0-10 0-01 0-15 0-25 0-15 0-25 0-11.25 
Mean 4.16 0.13 6.79 7.06 8.25, 9.23 1.59 
Std. Dev. 2.92 0.31 3.87 8.29 3.62 5.54 3.13 
Source: #- Contractor Questionnaire Survey, Jayawardane, 1992; 
Craftsman Questionnaire Survey, Author, 1995. (See Appendix 7.1) 
SI- Wastage allowances used by contractors in unit price estimates # 
S2 - Wastage as quoted by bricklayers in Colombo * 
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CONTRACTOR'S 
ALLOWANCES IN 
ESTIMATES = 8.25% 
(Jaywardena's study) 
PERCENTAGE 
OFBROKEN 
BRICKS USED IN 
WALLS 
4.53% 
AVERAGE = 8.74% 
QUOTED BY 
BRICKLAYERS 
(IN THIS STUDY) = 9.23% 
AN ESTIMATE OF 
THE PERCENTAGE 
OF BRICKS WHICH 
BREAK = 
4,53% +8.74% 
13.27% 
Fig. 3.9 :A conceptual procedure for estimating an industry average of the 
number of broken bricks 
Analysis of results of 59 walls studied under the mortar consumption survey (1991-1993) 
show that about 4.53% bricks used in the walls account for brick bats. These scenarios can be 
combined together to arrive at an approximate estimate of the total number of bricks broken as 
outlined in Fig. 3.9 by using a conceptual procedure. 
Thus, if 'broken bricks' are prohibited from being used, wastage of bricks would be 
approximately 13.27% (on average). 
fn order to ascertain the average number of bricks broken during handling, a survey was 
carried out to ascertain the number of bricks broken at storage both at hardware shops and at 
construction sites (i. e. soon after unloading from lorry). The results are given in Table 3.7. 
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Fig. 3.10: Brokcn bricks strewil over (amounting to wastLit, C) 
Table 3.7 
Broken bricks at hardware shops and at construction siles ( 1996) 
F-S -tI I-t i 1-1 t1 Hardware Shops (C/c) Construct loll 
Sltcs 
Range 3.00- 15.00 2.80- 15.15 
meall 6.7 8.5 
Std. Dev. 2.96 1 3.35 
Note: See Appendix 3.4 
Thus all approximate estimate of the number of bricks that break (. ILII-lllo '11,111(flillo' C- _ P, al r 
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by subtracting 13.27% (Fig. 3.9) from 8.5% (Table 3.7: Construction sites), which would 
amount to 4.77%. Three questions must be raised at this stage: 
i. Why are broken bricks accepted without replacements on delivery? 
I Why should broken bricks be prohibited from use? 
iii. Why can't wastage due to handling be minimised to zero? 
3.13 Incorrect Proportioning of Mortar - 
Bricks are held together by mortar. Hence, it is important to examine features and 
characteristics related to the use of mortar. Although many different types of mortar may be 
used (see section 9.3.3) only cement sand mortars are used for brickwork. 
3.13.1 Bulking of Sand 
Purchasing sand from the open market is problematic as various ploys are employed to inflate 
the volume of sand. A common practice is to re-shovel sand just before delivery causing it to 
bulk. This is done mainly to overcome the compaction of sand during transportation. Typical 
values are in the range of Y-4" for a2 feet high load of sand (i. e. about 12.5-16.6%). This is 
compounded by the state of the sand at the point of loading, as for example, damp sand bulks 
and occupies more space than when it is completely dry (see Table 3.8). This bulking 
increases with increasing water content, until the sand is completely saturated when the 
bulking practically disappears, and it has almost the same volume when dry. Therefore, sand 
has a rtýdnimurn volume when, absolutely dry or absolutely wet (Khanna, 1981,8/129). 
One of the simplest systems of classifying soil moisture, divides soil water into three types, 
namely, Gravitational Water, Capillary Water and Hydroscopic Water (O'Flaherty, 1974,196). 
Of these, the latter is considered to be responsible for the bulking of sand. This arises as a 
result of the attraction of water molecules to the surface of the soil particles by the ions which 
are loosely bound to soil crystal. These moisture films are sufficiently viscously rigid to 
prevent the sand grains from touching each other once the films are formed. - The amount of 
bulking increases with the fineness of the sand particles because of the increase in the total 
surface area of the particles per unit of volume. Its effects can be considerable (see Table 3.8) 
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and are the main reason why in all important concrete work the aggregates are measured by 
weight and not by volume. On full saturation, bulking disappears completely as the effect of 
the moisture film is lost (Tschebotarioff, pp. 60-62; O'Flaherty, p. 198). 
The phenomena of 'compaction' and 'bulking' appears to be well known to those involved in 
sand mining. For example, in the Kaduwela area (an area supplying sand to Colombo) no one 
is allowed to get on to the lorry whilst loading. It needs to be pointed out that not a single 
contractor or a consultant interviewed appeared to give heed to this phenomena. (i. e. bulking) 
As there was lack of local data, this phenomenon was investigated. Samples of sand collected 
during a monsoonal period were tested for bulking. The results are shown in Table 3.8. 
Table 3.8 
Bulking of local sands during monsoonal periods (at point of use) 
Statistic Coarse sand Medium sand Fine sand Very fine sand 
Range 50.77 - 68.97 40.00 - 84.91 75.00 - 92.16 100-104.7 
Mean 58.27 60.83 79.70 102.08 
I Std. Dev. 1 5.73 1 13.67 1 6.39 1 2.08 
Note: Sand stored in the open (i. e. not inside the building); See Appendix 3.5 for data. 
This Table shows that bulking during monsoonal periods are significant. Therefore, its impact 
on mix proportions, if bulking is not allowed for, must be significant as shown in 3.13.4. as 
would be the case on the purchase price of sand. It is noted that, this issues has not been 
discussed in BS 8000: Part 3: 1989, Worlananship on Building Sites, Code of Practice for 
Masonry. 
3.13.2 Volumetric Measures of Cement 
The Specifications for Building Works (Vol 1) published by the ICTAD states that for the 
purpose of preparing mortar: 
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"... Portland cement shall be measured by weight, a bag weighing 50 kg. being 
taken as 0.035 cu. m. and the sand in suitable measuring boxes. Where gauge boxes 
are used for measurement of cement by volume the gauge box shall be 400 mm x 
350 mm x 290 mm high while the gauge box for sand shall be 400 mm x 350 mm, x 
250 mm. high. The sand shall be measured on the basis of its dry volume. In the 
case of damp sand, its quantity shall be increased suitably to allow for bulkage to be 
determined by the method given in the appendix. " 
In the Code of Practice for Walling published by the BSL the bulk density of cement has been 
specified as 1440 kg/m3 (CP121: Partl, 40,1973). This appears to be close enough to the 
ICTAD's figure of 1428.57 k g/M3 . Note that when cement 
has to be measured by volume, it 
specifies a factor of 16%. Whether it is for bulking or for any other reason is not clear. In this 
regard it is interesting to analyse the volume of cement in a 50 kg. bag of cement. Table 3.9 
shows the results of this study with a variation up to a maximum of 12%. Use of Types 2&5 
would be unprofitable especially if the unit volume price is high as well. 
Table 3.9 
Average volume of cement in a bag of cement (commonly available brands) 
Type 1 Type 2 Type 3 Type 4 Type 5 
Volume as measured (cu. cm. ) 39475 35130 38780 38425 37100 
Volume Index 112 100 110 109 106 
Index based on ICTAD 97 87 96 95 91 
Note: Volume of a bag of cement (factored) = 40600 cu. cm. (ICTAD Specs); See Appendix 3.8 
3.13.3 Use of Pan/Shovel Volumes 
It is a well known fact that industry resorts to 'short-cut' methods for measurement instead of 
using gauge boxes as specified in formal construction. Pans, shovels and wheel barrows are 
used for measuring with pans used frequ6ntly. Different sizes of pans (shown in Fig. 3.11) 
introduces another variable to this already chaotic environment. 
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Table 3.10: impact on mix proporlions: Luse of* pans alici silovels 
(A) Pan VOILIMe Specified inix Actual mix I ActLK1I IIIIX 2 
Assumption: 15 1 5.4 1 4.7 
5 small pans to a bag of cement 18 1 8.6 1 7.4 
Average volume = 7,530 cu. cm. 1 10 1 10.8 1 9.3 
ASSLIMPHO11: 15 1 6.2 1 5. ') i 
4 larue pans to a hao of cement Cr -11 
8 1 9.9 1 8.5 
Av crage , olume 10,832 CLI. C111. I 10 1 12.4 1 10.7 
1 (B) Slio\cl VO ILI 11 IC specified mix ActLKII MIX I ACWý11 MIX 
Basiý,. 1: ý mix: 7().,, Iio\cls 15 1 7.3 1 0.3 
. sand to a 
hag of ceiiiciit I 1 11.7 1 10.1 
Vol Lijiie/. sliovel=3667 cu. cm. 1 10 1 14.7 1 12.7 
Note: Actuýd mix 2 is hased on the LISC 01' I'liCtOWd VOILIIIIC of' ceinciw See Appendix 3.9 1'01- L1,11,1. 
,_ 'q 
- "0 7 
'- ----. 
... -41 
- -I -. ý --r . 
-,, -I- '- --ýI .ý-I1 7- .. -1 -..,,. I,. -ý- 
""":. r' »""":. "  t. ''' . ', .". s". ."'" :-" 
- -" "-: -c- " d 
Fig. 3.11 : PMIS LISCd F01- IlleISLII-111(T 
The main reason for this variance Is the 'IICILIStl*Y'S practice of takillg pi-opol-t lolls will, I-es, )CC[ 
[o the hLi1kcd V011,1111C Of CCIIICIll When according to ICTAD it should bc the [Xil"'Cd (Lill[)LllkCd) 
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volume. (See Actual Mix 2 values). - It appears therefore that if pans are used struck and not in 
heaped form, this variance could be minimised. 
3.13.4 Correct Proportions when Cement/Sand Bulks 
When cement is measured in loose form by unloading 
' 
its contents, the volume of sand 
measured should be reduced accordingly. Similarly, when sand bulks, the quantity of sand 
measured should be increased as shown below: 
Table 3.11 
Number of pans of sand required for different mixes depending on the 
method of measuring sand 
No. of pans of sand required when 
cement is measured by pans 
No. of gauge boxes of sand when 
cement is measured in bags 
BulkageV 1: 5 1: 8 1: 10 1: 5 1: 8 1: 10 
0 4.31 6.90 8.62 5 8 10 
10% 4.74 7.59 9.49 5.5 8.8 11 
20% 5.17 8.28 10.34 6 9.6 12 
30% 5.60 8.97 11.21 6.5 10.4 13 
40% 6.03 9.66 12.07 7 11.2 14 
50% 6.47 10.34 12.93 7.5 12 15 
60% 6.90 11.03 13.79 8 12.8 16 
70% 7.33 11.72 14.66 8.5 13.6 17 
80% 7.76 12.41 15.52 9 14.4 18 
90% 8.19 13.10 17.24 9.5 15.2 19 
100% 8.62 13.79 10 16 20 
3.13.5 Upper Bounds and Lower Bounds 
Thus 'upper bound' for incorrect proportions occurs when shovels are used for measuring 
sand. In contrast, the lower bound occurs when sand bulks with cement being measured in bag 
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form and sand measured in specified gauge boxes without making an allowance for bulking. 
For example, when medium sand is used *(with a maximum bulkage of 84.91%) and no 
allowance is made for bulking, the lower bounds would be as shown in Table 3.12. 
Table 3.12: upper bounds and lower bounds of mortar proportions 
due to incorrect proportioning 
Mix Lower Bound Upperbound 
1: 5 1: 2.7 1: 7.3 
1: 8 1: 4.3 1: 11.7 
1: 10 1: 5.4 1: 14.7 
3.14 Unresponsive Quantity Surveying 
Table 3.13 shows typical examples of BoQ descriptions for brickwork. In addition, the 
comments column give details on widths of walls as constructed including the methods 
adopted for calculating the area/volume when making payments. 
The following observations are noteworthy: 
BoQ descriptions and units of measurement do not always conform with 
standard methods of measurement. 
Payment procedures/methods of measurement do not recognise variations in 
wall thickness. For example, under SMM7 and SLS 573: Rev. 1993 brickwork 
has to be measured in in' whilst stating the thickness of the wall. If the 
thickness is stated as 'one brick thick' despite being linked to a specification 
item, there is a possibility of not giving heed to the actual thickness of the wall 
constructed. An alternative therefore, would be to measure in cubes (or cu. m. ) 
as used before. Provided the quantity surveyor does not presume the wall 
thickness (as against measuring) the question of overpayment for walls of a 
lesser thickness would not arise. (It needs to be mentioned that the first edition 
of the local SMM of the SLSI classifies walls as 9" and 4.5" which suggests 
that for one brick thick walls area should be multiplied by 0.751) 
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Table 3.13: Discrepancies in BoQ item descriptions, 
units of measurement & payment procedures 
Type of Cli- Cons- BoQ Description Unit 
Project ent ultant Comments 
Hall & G P Ordinary brickwork Sqr. Wall thickness mostly around 
81/4" 
office in cement sand (1: 5) although specified as 9" 
complex- in 9" walls Volume of wall calculated by 
1987 assuming thickness as 9". 
Off ice G G 225 mm thick m3 Units not accordance with the SMM. 
complex - ordinary brickwork Column size specified 225 mm. 
1993 with 1: 5 cement sand Volume of wall calculated assuming 
mortar in ground 225 mm. thick. 
floor I 
Four- G G Ordinary brickwork: m2 Drawings show column size as 225 x 
storey In common bricks in 225 mm but constructed as 220 x 
Housing cement sand 1: 5 220 mm. to match wall. 
Project- One brick wall (220 
1994 mm thick) in ground 
A floor 
Three- - G 9" thick brickwork in Cube Wall thickness varies (e. g. 81/4", 8", 
storey cement sand 1: 8 8 1/8"). All columns greater than 
Hospital - 12"; beam width 9"; volume 
1995 measured by assuming a wall 
thickness of 9"; standard explanation 
for any audit queries is to explain 
that the wall thickness includes 
thickness of 21aster. 
High rise P P 225 mm thick m2 Variable wall thickness with a 
apartment brickwork in cement minimum of 200mm. Mostly around 
complex - and sand 1: 8 up to 
210-215mm. 
1995 Level I Minimum column width 300mm 
with 225 beams. 
No reduction of rate for reduction in 
wall thickness. 
Abbreviations: 0: Government; P- Private 
Certainly, situations where the architect specifies a 9" wall, and the contractor builds an 8", 
whereas the quantity surveyor pays for a 9" should never be allowed to occur. Unfortunately, 
such situations are common in Sri Lanka. Clearly, these are situations which arise out of lack 
of knowledge, awareness and poor attitudes. 
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3.15 The Engineer Syndrome 
The Pugoda Experience: 
"The Pugoda Textile Factory built in the early 1970s is one of Sri Lanka's premier textile 
factories. It was constructed by a Chinese-Lankan joint venture company. The joint venture 
agreement required Sri Lankan engineers to draw up specificationsfor local materials such as 
cement, bricks, sand, etc. These specifications were contained in their successful bid proposal. 
kowever, during construction, the first lorry load of bricks met with disaster as thesefailed to 
comply with specifications. As a result the local partner had to face many difficulties in 
obtaining a brick to conform with the Standard they drew up. " 
Contractor. SEC injoint-venture with a Chinese company (unknown) 
Cases such as this, where bricks conform to laid down specifications are rare. What are the 
reasons for this? 
In order to ascertain the answer to such questions a survey was undertaken focusing on the 
consulting engineers as they play a key role in assuring quality. A questionnaire was used to 
ascertain 'what they knew about standard size bricks', 'what they felt about their usage' and 
'how they would behave at site, covering three main areas: 'Knowledge' & 'Awareness', 
'Attitudes' (including preferences, convictions) and 'Behaviour' (Appendix 3.6 and 3.7). It 
was administered to 49 civil engineers all of whom were either graduates from a recognised 
university or possessed equivalent qualifications, with 32 of them being chartered engineers. 
The survey found that most engineers lack 'knowledge and awareness' on bricks and their use 
(i. e. about what they new about standard size bricks). A case of 'poor cognition' (Note: 
Assessment based on specific survey questions). As much as 91.9% failed to specify the 
standard size of brick and 68.2% of them did not know the sources to refer to In the event it 
was necessary to find out its size. Only 29.6% were aware of organisations producing standard 
size bricks. 
Their 'attitudes' on ensuring the use of standard size bricks were poor too (i. e. what they felt 
about their usage). Though most engineers (76.7%) felt that it was important to use standard 
size bricks for load bearing walls, only half the number (36.4%) felt that it was important to 
use such bricks -for non-load bearing walls. However, only a few (27.3 %) were prepared to 
pressurise the contractors to purpose make the brick! A situation analysis on 'cognition and 
attitudes' showed that 'good cognition' does not necessarily lead to 'good attitudes', though 
&poor cognition' is associated with 'poor attitudes'. 
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Their 'attitude' matched their 'behaviour' (i. e. their actions at site). A high percentage (86.4%) 
stated that they would permit the use of non-standard bricks for reasons such as non 
availability and the inordinate time taken to obtain such bricks. 
Therefore, it is very likely that the status quo will prevail with variations in the size of the 
brick and brickwork joints. 
3.16 Summary 
The foregoing discussion clearly shows that the situation in Sri Lankan brickwork is nothing 
but 'chaotic'. Indeed, it is a complex situation as issues presented herein are interrelated and 
interdependent. 
Many factors contributes to the decline of the brick size. Inadequate institutional response, 
production problems of brick producers coupled with lack of knowledge on fundamental facts 
such as the standard size of brick, their marketing strategies, vested interests of transporters, 
poor attitudes of industry professionals are but a few. 
The variations in brick sizes and brickwork joints manifest in many problems related to the 
management of brickwork activities - from designs to construction. The relationship of these 
variables in designing and detailing, estimating and tenderinar, cost control, quantity surveying 1= 
were presented. It is found that their impacts are profound to the extent that industry appear to 
be lost in finding directions through this chaos. 
There is a need to reach consensus on many issues. This is not an easy task by any means. It 
needs the involvement of producers, transporters, clients, consultants, contractors, related 
institutions, grass root organisations and many more. Could they come together in resolving 
this chaos? Or, are there other ways of finding the way through this chaos? These are some 
questions that'remain to be answered. 
The next Chapter examines the contextual conditions of brickwork operations whilst also 
investigating the inter-relationships of the roles of producers, contractors, and consultants. 
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CHAPTER FOUR 
STATE OF THE ART IN 
MANAGING BRICKWORK OPERATIONS IN SRI LANKA: 
SELECTED CASE STUDIES 
4.1 Introduction 
This chapter presents six case studies as a status survey of practices and procedures adopted in 
managing projects involving brickwork. These case studies demonstrate the problems that 
have been created by the chaos described in Chapter 3 and provides an insight of practices and 
procedures - both common (case I and 3) and unusual (cases 2,4,5 and 6), in coping with the 
chaos in the study variables. 
4.2 Methodology 
Lin (1994) points out that the type of research question has a bearing on the research method 
selected. In particular, when 'how' or 'why' questions are being asked about a contemporary 
set of events over which a researcher has little or no control, the case study is considered to be 
a useful method (Lin, p. 9). For example, this research was interested in finding out 'how' 
industry coped with the current chaos and 'why' the bed joint sizes or the wall widths varied. 
The fact that this method permits investigations in their real-life context was seen as of 
benefit. Hence, it was considered that the case study research method was useful for 
investigating the study objectives (see also Fig. 1.4). 
The research process adopted is similar to the procedure discussed in section 1.4. However, 
initially there was some difficulty in identifying the type of data to be collected on each 
project. However, as the focus developed, the data collection process was structured to suit the 
needs of this research. In retrospect, had an attempt been made to complete documentation and 
writing up of one case study before proceeding to the next, the data collection process would 
have become much easier.. 
Multiple sources were used for data collection, viz. interviews, direct observations and 
archival records. These were collected not only at the site level but also from their head offices 
by making several visits. 
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Whilst it was easy to identify projects where practices and procedures were generally similar, 
the unusual cases could only be identified through continuous investigation throughout the 
duration of the study. In order to identify the unusual cases a strategy adopted successfully was 
to examine practices and procedures adopted by contractors who had received awards for 
construction excellence (i. e. ICTAD Award). The visits related to the Contractors Survey (see 
Appendix 9.5) were also used for investigating unusual cases. This process was further 
facilitated by the researcher's involvement with institutions of higher learning as a result of 
coming in contact with professionals who were following courses in construction 
management. In addition, discussions with architects and their clients provided further 
information. 
In composing the cases the procedure adopted was one of presenting information in a logical 
order with highlights at the end of each case. Furthermore, information has been arranged 
under similar headings across the case studies. 
The validity of these case studies were ensured through a process of obtaining feedback on the 
written cases from those who were responsible for providing data. As - such, the cases 
presented herein went through reviews and revisions. 
4.3 CASE STUDY 1: Luxury Apartments for Queen's Road Project 
The Luxury of Bricks 
Tudawe Brothers Ltd is one of the oldest construction companies in Sri Lanka. It's a family 
owned business and is listed as a Grade 1 contractor (i. e. the' highest grade) under the 
ICTAD's Central Register. It boasts of ýa record of constructing many high rise luxury 
buildings in the heart of Colombo, the business capital of Sri Lanka. 
The 'Luxury Apartments for Queens Road Project, a 72 apartment 12 storey building block 
was secured through a negotiated contract. It's reinforced concrete frame has two column sizes 
viz. 350x750 & 350X500 mm with beams of 225 mm. width of varying heights. The principal 
building element for walls was the common brick and all the walls were plastered. 
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Wall thickness and joint sizes 
As the column sizes were much larger than the prescribed wall thickness of 225 mm. the need 
to match the wall thickness to the column did not arise. However, the critical element was the 
beams. With a width of 225 mm the wall thickness had to be matched with the beam width. 
The Site Manager of this project explained that they faced many difficulties in meeting the 
prescribed wall thickness (i. e. 225 mm). Each floor required around 140,000 bricks and the 
daily consumption was around 8-10 thousand. As the wall thickness specified was 225 mm, 
the choice was to utilise the larger 'Kaduwela' brick (i. e. Group 3 bricks in Fig. 3.1) over the 
more widely available smaller 'Kochchikade' bricks (i. e. Group 4 bricks). There was 
considerable difficulty in matching the supply to daily demand mainly due to the use of large 
size Kaduwela bricks. With site storage being limited to about two days requirement it was 
becoming difficult to manage. In order to overcome this problem, bricks were stored at a site 
close by. This practice was abandoned later as double handling was causing more bricks to 
break and consequently additional costs due to higher levels of wastage. Having brought these 
problems to the notice of the consulting firm, after much deliberation the specification for the 
waII thickness was changed from 225 mrn to 'a width not less than 200 mm'. 
As a result of this new negotiation the contractor introduced a new strategy. Wall thickness 
was changed by adjusting it to suit the brick size. In order to ensure quality and to minimise 
variations in the sizes of bricks delivered, a long standing supplier was used. However, 
discussions with site staff revealed that it did not assist in either minimising variations in the 
brick size nor improving the quality of the brick, despite many complaints. Smaller 
Kochchikade bricks were matched with a smaller wall thickness around 8", whilst the larger 
Kaduwela bricks were matched with a larger thickness of around 8 V2". In order to avoid 
mixing up the two different sizes, a strategy adopted (unsuccessfully) was to use the two types 
(i. e. the larger and smaller sizes) in alternate floors, restricting each type to a separate floor. 
However, this too led to various other problems as explained later in this section. 
This strategy of matching the wall thickness to suit the brick led to new problems. The walls 
had to be built up to match the beam width as well. The gravity of this problem was realised 
only much later, which required an usually thick plaster on the wall to keep in line with the 
side plaster of the beam face. Thus a compromise solution was adopted eventually (which was 
not discussed with the consultants). The thickness of the plaster on the beam was reduced to 
about 6 mm. from the prescribed 20 mm, so as to minimise the thickness of the wall plaster! 
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It was also clear that there was no control over the wall thickness with sub-contractors using 
sizes to suit their choice. Asked whether there was any control over the joint sizes, the Site 
Manager explained that the sub-contractors were informed to maintain a bed mortar thickness 
of around 20 mm (3/4"). However, walls with much larger joint sizes were observed. 
Transporting materials 
This project was managed with 5 labour sub-contractors. Their contract did not require them 
to transport bricks to respective floors. Therefore, a separate sub contractor was engaged for 
this purpose. This was considered necessary to minimise conflicts between different sub 
contractors when trying to share limited resources (such as the only hoist at site) and also to 
minimise wastage due to handling. Bricks were transported overnight to avoid the pressures on 
utilising the hoist during the day. However, transportation of cement and sand had to be 
undertaken by the trade sub-contractor. The quantity of bricks required for each floor was pre- 
computed taking into account of the size variations (i. e. separately for Kaduwela and 
Kochchikade bricks). Alternate floors were to be stored with the quantities specified with one 
size to one floor. This procedure, though theoretically sound, failed to work. Different sizes of 
bricks were unloaded in the same floor thus mixing up the two different sizes. 
Wastage of bricks 
Wastage (which arose principally due to broken bricks) was estimated to be around 15-20% 
with lower values for smaller Kochchikade bricks. This high wastage was attributed to the 
lack of storage space resulting in double handling of bricks, and also due to the transportation 
to higher elevations. Investigations of bricks delivered to site revealed that number of bricks 
broken at delivery was around 5- 8% (as assessed at site). Therefore, it was evident that no 
significant efforts were made to minimise wastage during handling, taking for granted that it 
was inevitable. Crosby -a quality guru (Katz, 1995), considers that several characteristics are 
present in organisations suffering from quality problems. One of which is the failure of the 
management to 'provide a clear performance standard ..., so the employees each develop their 
own. ' He further states that 'when the field finds 4% bad, the standard becomes outgoing 
quality level of 4 percent defective ... All it means is that the operation has settled on a level of 
incompetence. ' (Crosby, 3). The situation herein is similar where a wastage of 15-20% has 
been accepted as the norm in the absence of a clear directive from top management. 
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A 'negative' strategy (as against a positive strategy of confronting wastage) was to use broken 
bricks in the header courses as a means of minimising it. The trade sub-contractors were 
reluctant to do so as they would incur additional time to complete a wall. However, the 
management 
'keen 
on ensuring the use of broken bricks decided to transport the exact 
quantities with no allowance for breakage. Any additional quantities required were only 
allowed with the permission of the floor supervisor, who would first check to see whether all 
usable bats had been consumed. 
Approved rates, incentives 
Out of the five subcontractors engaged, three were given a floor each whilst the other two had 
to share a floor. The company fixed the piece work rates using standard 'estimating norms' 
(see Chapter 3). Whilst the main contractor got paid on the area of work completed, the subs 
were paid on volume. Payments were computed on the basis that the wall was 9" thick, though 
in fact it was much less, as explained before. 
The Site Manager explained that he was dissatisfied with the approved rates for sub- 
contractors as they were extremely tight. They had to transport cement, sand and also bricks 
within a floor, and also to erect and dismantle scaffolding. Business turnover tax (BTT) was 
deducted at the rate of 6% with another 3% as retention to be released after 3 months after 
completing all brickwork activities. This may mean a delay of about 9 months in a large 
project. As such, the Site Manager found it difficult to attract subs for brickwork. As a means 
of motivating the sub-contractors two strategies were adopted. An offer to hand over the 
plastering of the walls built and an incentive (around 20% of the contract sum) for timely 
completion of an apartment subject to a quality audit by the floor supervisor. Such incentives 
eventually turned out to be nothing but an incentive to retain brickwork subs to work at higher 
elevations. The incentive for timely completion was in fact paid whether or not they completed 
an apartment on time. 
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Table 4.1 : Case Highlights 
Luxury Apartments for Queen's Road Project 
Feature Assessment 
Procurement of bricks No control. Long standing supplier fails to supply as required by 
site staff. Assortment of large and small sizes (i. e. no size 
specified). 
Wastage of bricks Double handling/transportation to higher floors - causing more 
wastage. Greater wastage with larger Kaduwela bricks. 
Taken for granted. No control. Half bricks permitted for use. 
Transportation to Separate transport sub. in order to minimise conflicts on sharing 
higher floors hoist. Strategy - Different sizes to different floors. Poor 
implementation with different sizes in the same floor. 
Use of brick bats Conflict of interest between subs and management with respect to 
the use of broken bricks. 
Preparation of mortar Hand mixed. Loose measuring; pans & shovels used. Specified 
mix 1: 5. No allowance for bulking. 
Wall thickness & the No control, variable sizes. Reduced to suit brick size. Walls in 
match with beams/ English bond with chapparu . No wall thickness gauge. Plaster 
columns thickness on beam reduced to minimise wall thickness. 
Mismatched with beam width. Plaster thickness on beam sides 
reduced (as explained above). 
Joint size/Course Uncontrolled. High mortar consumption with strong, cement sand 
height MIX. 
Type of labour Piece-rate labour only sub-contractors. 
Productivity Incentives for early completion. Eventually used as an incentive to 
retain subs to work at higher elevations. 
Cost control Poor focus. Control of labour costs through tight rates for subs. 
No material reconciliation statements. 
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4.4 CASE STUDY 2: Factory and Residential Complex for Lanka Wall Tiles at Meepe 
The Strategist 
Maga Engineering is a Grade 1 construction contractor. The project was secured on 
competitive tender and was located in the suburbs of Colombo. It involved the construction of 
factory building, a residential complex with eleven single storey houses and a two storey 
administration cum canteen block within a short period of 6 months. Whilst cement blocks 
were used for the factory, burnt clay bricks were used for all other buildings. 
The Project Manager emphasised to the researcher the importance of managing brickwork 
activities efficiently due to the large volume of brickwork involved, as a loss in this activity 
would mean a substantial erosion of profits from this project. I 
The architects insisted that walls must be built to a thickness of 9" as specified and matched 
with 9"x 9" columns in the administration and canteen block. The initial consignment of 
bricks purchased from Kochchikade (Group 4 bricks) led to many problems. As bricks were 
smaller (around 7.75" length), excessive amount of mortar had to be used to make the walls to 
9". Attempts to reduce the price of bricks by suggesting a closer rout to the site from the 
Kochchikade did not work out. * 
Turning to other sources of supply proved cost effective. The project was located in close 
proximity to another principal brick manufacturing area (i. e. Kaduwela - Hanwella) where the 
bricks were comparatively expensive being larger than the Group 4 bricks. Concerned about 
the high price of these bricks, an exercise was undertaken to find out the price that could be 
paid for larger Group 3 bricks (from Hanwella) when compared with the smaller Group 4 
bricks from the Kochchikade area. (Strategy No. 1) The procedure adopted was to calculate 
the material cost of a cube of brickwork assuming an average joint size of 1/2" using a Group 
4 brick of 7 3/4" x3 3/4"x 2". A mortar mix of 1: 5 was adopted as specified. Similarly, the cost 
of a cube of brickwork for a Hanwella brick of 8"x 4" x 21/4" was calculated by assuming the 
price of the brick as the variable. Calculations are shown over leaf. 
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Reference year: 1994 (Re-calculated as original data were not available) 
The area of wall for one cube of brickwork = 100/35 = 1.3333 squares 
Calculating the cost of mortar 
When preparing mortar for masonry work, a bag of cement weighing 50 kg. is to be 
taken as 0.035 cu. m. (Specifications for Building Works, ICTAD Publication No. 
SCAM, Vol 1, p33). For a mix of 1: 5, the volume of sand =5x0.035=0.175 cu. m. = 
6.18 cu. ft. 
To prepare one volume of mortar using a mix of 1: 5 it is necessary to use 1.25 volume 
of sand. Hence, with 6.18 cu. ft. of sand, the volume of mortar that can be prepared 
would be 4.94 cu. ft.. Hence, the cost of 4.94 cu. ft. of mortar would be as follows: 
Cost of cement @ Rs. 220/- a 50 kg. bag Rs. 220.00 
Cost of 6.18 cu. ft. of sand 0 Rs. 1000/- a cube Rs. 61.80 
Total .............. Rs. 281.60 
Therefore, I cube of mortar = (281.60/4.94)xIOO = Rs. 5704.45 
Calculating the cost of one cube of brickwork using Kochchikade bricks 7 3/4" x3 3/4"x 2"... 
Price of 1000 bricks Rs. 15001- 
No. of bricks per square =2xlOOxl2xl2/[(7.75+. 5)x(2+. 5)] 
= 1396.36 
Therefore, the no. of bricks per cube = 1.3333 x 1396.36 = 1861.77 bricks. 
Therefore, the volume of mortar per cube of brickwork = 100 - Volume of bricks 
= 0.3738 cubes 
Cost of one cube of brickwork with 
an allowance of 5% as wastage =1.5xl862xl. 05+0.3738 x5704.45 
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Calculating the cost of one cube of brickwork using Hanwella bricks 8"x 4" x 21/4" ... 
Let, the price of a Hanwella brick be V. 
No. of bricks per square 2 xlOO x12 x 12/[(8+. 5)x(2.25+. 5)] 
1232.09 
Therefore, the no. of bricks per cube 1.3333 x 1232.09 = 1642.74 bricks 
Therefore, 
the volume of mortar per cube of brickwork = 100 - Vol. of bricks 
= 0.3155 cubes 
Cost of one cube of brickwork with 
, an allowance of 5% as wastage Px 1232 x 1.05 + 0.3155 x 5704.45 
Calculating the price which can be paid for the Hanwella bricks 
Px 1232 x 1.05 + 0.3155 x 5704.45 = 1.5 x 1862 x 1.05 + 0.3738 x 5704.45 
Therefore, 'P = Rs. 1.89 (i. e. Rs. 1890 per thousand) 
As the going rate for bricks from the Hanwella area at this time was Rs. 1650/- per thousand, 
the use of such bricks appeared to be cheaper. 
This method highlights a procedure that could be adopted in coping with different sizes of 
bricks from different areas by computing a 'competitive price' for a brick from another 
locality whilst assuming the price in the 'base' locality. Although there are inherent 
shortcomings in these calculations the basic method could be improved upon to provide a 
realistic comparison. (See conclusions at the end of this Chapter). 
Having selected the size of the brick to be used (with respect to a Group of bricks), a strategy 
had to be developed to cope with the problem of different sizes within a Group. Suppliers 
were invited to quote along with samples. Their prices were evaluated to identify the quote 
with the lowest price per unit of volume of brick (i. e. by dividing the price of a brick by the 
.. and not 
the price of a brick. The lowest unit price was then used for volume of a brický 
multiplying the volumes of other sample bricks to arrive at the price which could be paid to 
other suppliers. (Strategy No. 2). Having negotiated and a consensus reached, a few suppliers 
were short listed for delivery with a specific size and a corresponding price. Thus, it was not a 
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question of selecting one supplier but many - with different prices for the brick they were 
prepared to supply. There was no guarantee however that they would deliver bricks 
conforming with the approved sample. The strategy adopted to overcome this problem was to 
measure the average size of the brick delivered and fix a price based on volume using the unit 
volume price established during tender. (Strategy No. 3) 
Having accepted the problem of different sizes of bricks being delivered to site (i. e. within a 
broad context of a Group size), yet another strategy had to be developed to avoid unloading 
bricks with different heights at the same locality. This was necessary to overcome problems of 
bonding bricks with different heights in the same course. Thus when the bricks came in, 
having fixed the price when in variance with the approved sample (as explained before), the 
load was directed to a specific building depending on the height of the bricks used at a 
particular location. (Strategy No. 4) 
The availability of adequate space facilitated stockpiling of materials which was useful in 
overcoming price hikes and the poor quality of bricks produced during monsoonal periods. 
The same practice was adopted for sand as well, having avoided the purchase of sand from the 
Kaduwela area (even though closer to site) due to its coarseness. 
As the specified wall thickness of 9" could accommodate the size of bricks delivered to site 
(with the wall thickness being greater than 2B+ V2" and Q, the variation in the length or the 
breadth of the brick did not pose any problems when laying bricks in English bond. The 
procedure was to lay stretcher courses to the required wall thickness and the header courses 
with the chapparu. 
There was no evidence of any attempts being made to control joint sizes. 
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Table 4.2: 
Case highlights - Factory and Residential Complex for Lanka Wall Tiles at Meepe: 
The four-pronged strategies for dealing with variations in brilck sizes 
Strategy No. 1: Selection of a broad Group of bricks by fixing a 'competitive 
price' for another Group and comparing it with market prices 
(Calculations based on pre-selected sizes within Groups. ) 
Strategy No. 2: Evaluation of suppliers' quotations based on unit volume price 
of a brick and using the lowest evaluated price for fixing 
dcompetitive prices' for other quotes based on the size of the 
sample brick. 
Strategy No. 3 Fixing price at delivery using the lowest unit volume price 
established at the time of evaluating quotations for dealing 
with deviations from approved size. 
Strategy No. 4 Directing deliveries with different heights of bricks to pre- 
selected locations to avoid mixing. 
Bricks and sand stockpiled due to availability of space thus mitigating impacts due to bulking, 
poor quality of bricks and price hikes during monsoonal periods. 
No restrictions on the use of broken bricks. 
Wall thickness maintained as stipulated and matched with the stipulated column size. 
No evidence to support the control of joint sizes. 
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4.5 CASE STUDY 3: Offlces and Apartments at Rotunda Gardens 
Linking walls with bricks 
A new generation construction company handling both building and civil engineering projects, 
Link (Engineering) Ltd. rose to -fame in the construction boom of the early eighties. The 
company advertises with the catch phrase 'Concept to Reality. We are the Link'. 
Ordering standard size bricks 
A notable practice adopted at this company was to obtain its requirement of bricks by placing 
orders directly with kiln owners as standard size bricks are not freely'available in the market - 
an attempt to 'link the width of a wall to the length of a brick'. One of its founder directors 
had this to say: "Ever since the Pugoda experience (see section 3.15 for further details ) where 
for the first time we were compelled by our Chinese joint venture partner to get a brick 
manufactured to produce a standard size, I have had standard size bricks specially 
manufactured for projects handled by me. But now I don't have the time to do so and try to use 
available sizes. It's not easy to persuade the kiln owner to undertake special orders not because 
they are reluctant but because their employees resist change. These employees are usually paid 
on a piece-rate basis for moulding etc. and a larger brick means a reduction in their daily 
output unless the kiln owner is prepared to make adjustments accordingly. Often we make an 
advance payment and reserve the full firing which varies from about 30,000 to 50,000 bricks. " 
Wall thickness and procurement of bricks 
The supply of bricks to this 10 storey Colombo site was arranged at central level by its 
Supplies Division in Colombo. The Chief Supplies Officer (CSO) was well aware of the 
principle of dimensional co-ordination of a brick. According to him, requisitions from sites 
never specify the size of bricks required; only the quantity and timing of the deliveries are 
specified. Nevertheless, the CSO specifies the size as 8" x3 3/4" x2 1/4" (relating to larger 
Group 3 bricks) when quotations are called with samples. 
109 
Ch. 4- Case Studies 
The average size of a load of bricks at this site was found to be 198 x 95.2 x 52.4 mm (7.79"x 
3.75" x 2.06") . This size, although matching breadthwise, is smaller in length and height. 
More often than not, suppliers were considered to be in a position to supply bricks matching 
the specified length and breadth but not the height. 
An examination of the BoQ showed that the size of the wall specified was 225 mm thick in 
1: 5 cement and sand mortar. Technical Specifications specified the use of SLS bricks 220 mm. 
long. Thus there was a mis-match of the sizes. The senior engineer who was in overall charge 
when contacted at the initial stages of the project confirmed that they were making 
arrangements to obtain standard size bricks, as indicated by one of its founder directors. 
However, a practice that has been adopted when in difficulty was to select larger sizes (which 
usually come from Kaduwela and Kotadeniyawa areas, Le. Group 3 bricks). Thereafter, the 
wall is made to the required size by adjusting the bricks in the stretcher courses whilst 
resorting to the use of 'chapparu' in the header courses. Therefore, there was no need to obtain 
a brick with the length matching the specified wall thickness. Subsequent investigations 
revealed that they had considerable difficulties in organising a delivery schedule of about 
5,000 standard size bricks per day and as the Engineer (from the client's) was not rigid on 
enforcing the thickness of the wall specified, no attempt was really made to get standard size 
bricks. Instead they decided to use available sizes (i. e. larger sizes of Group 3) whilst 
maintaining the wall to a thickness of 8" (i. e. 203.2 mm). Despite this reduction, the client's 
quantity surveyor did not consider adjusting the rate for the reduction in wall thickness. 
In order to assess the need to match the wall thickness with column sizes, structural drawings 
were studied. Columns were 600 x 600 mrn in the ground floor gradually reducing from floor 
to floor (with as many as 26 different sizes) to a minimum size of 300 x- 300 mm in. The BoQ 
description specified the use of 225 mm thick brick walls in 1: 5 cement sand mix. As almost 
all the beams were greater than or equal to 300 x 400 mm. and the columns were always 
greater than or equal to 300 mm, the necessity to match the wall thickness with either the 
column or beam size did not arise (at this site). 
Wastage 
Though flexible about the thickness of the wall, the Engineer took a serious view on the use 
of brick bats and banned their use completely. Heaps of broken bricks were seen at different 
floors. 
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Transportation of bricks/ControI of wall thickness 
The vertical transportation of bricks was by a material hoist using wheel barrows. These wheel 
barrows of half moon shape were of a special design with the centre of gravity of the loaded 
barrow being over its axle. A larger volume could be carried by these barrows. The trade sub- 
contractor had to transport all the materials required using this hoist., (There wasn't a separate 
sub-contractor for transportation of bricks as in the former case). The Project Manager 
explained the reasons for this decision as follows: "We have found that when we use a 
separate sub-contractor to transport bricks, the trade sub-contractors avoid using broken bricks 
for convenience. This leads to more wastage. So, we have now decided to get them to pull the 
bricks as they will think twice to reject a brick which they have transported. " This argument 
makes sense but would not be any advantage at this site, as half bricks were not allowed to be 
used. 
Due to the problems of varying sizes of bricks from one delivery to another, the company has 
a practice of marking the thickness of the wall on the floor with another set of lines to mark 
the boundaries of the wall plaster, exercising control not only over the wall thickness but on 
the thickness of the wall plaster as well. 
Controlling joint sizes 
Asked how, they control the joint thickness, the Project Manager narrated the experience of 
the company with the use a 'gauge rod'. A bed mortar thickness of V2" (and not 10 nun) was 
adopted for marking course heights. Early experiences revealed that they found it difficult to 
obtain a 'neat finish' due to the irregularities in the floor levels. In order to get over this 
problem, a reference level was marked on columns from which the course heights were set out 
on the column faces. Any undulations in the floor was taken up by the bed mortar of the lower 
most course. As the sub-contractors got accustomed to this practice, it was withdrawn and the 
gauge rod re-introduced. An attempt at 'leaming by doing'. 
Despite this experience, no gauge rods was used at this site. The average bed mortar thickness 
was computed to be 23.2 mm. - much greater than the standard size of 10 mm The reasons for 
this was obvious as none of the practices mentioned above was implemented at this site. 
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Table 4.3 : 
Case higWights: Offices and Apartments at Rotunda Gardens 
V_ 
Feature Assessment 
Procurement of bricks CSO specifies size as 8" x3 3/4" x2 1/4" when the size required is 
much greater. Site requisitions do not indicate size of brick. 
Practice of placing orders directly with kilns for std. size bricks. 
Not implemented at this site. 
I 
Wastage of bricks High wastage as the Engineer prohibits the use of broken bricks. 
Transportation to Trade subs made to pull bricks and sand as well to ensure they use 
higher floors half bricks as well. Not of strategic importance to this site. 
Specially designed wheel barrows with larger volume. 
Preparation of mortar Hand mixed using pans; Hence, inaccurate. Strong mix of 1: 5. 
Wall thickness & Reduced to 200 mm from the 220 mm specified. No reduction in 
the match with beams payments. Controlled at 200 mm. Wall thickness marked on 
and column sizes floor. No necessity to match columns/beams due to larger sizes. 
Joint size/Course Previous experience of experimentation with the use of gauge rods 
height and use of a reference level on columns to mark course heights. 
Not used at this site; Large bed joints. 
Type of labour Piece-rate contractors used. 
No check on overall cost. Labour cost regulated by using piece- 
Cost control rate contractors. No attempts to control material cost. No material 
reconciliation statements. 
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4.6 CASE STUDY 4: Two Storey Residence for a Private Client at Battaramulla 
Straight from the kiln - The Stockist 
An architect designed house on split levels with a structural solution of a lightly loaded load- 
bearing walls was constructed by using piece rate labour sub-contractors. The client decided 
to purchase large bricks directly from a kiln located about 20 kms; from the building site 
instead of buying smaller bricks at cheaper prices from the 'World Market for bricks & sand' 
at Nawala which was much closer. The client, the General Manager of a leading company in 
Colombo told the researcher that about 5 to 6 kilns were first surveyed, in order to identify 
well burnt bricks, bigger in size. Neither was he aware of various dimensional requirements 
nor the strength of bricks required. The quantity purchased was around 40,000 (as advised by 
the architect) which was considered to be adequate for the whole house. 
The decision to purchase a kiln-load, as against the common practice of procuring through 
suppliers, reduced to a considerable extent the difficulties of having to manage with variations 
in sizes which manifest with the latter arrangement for bricks. Having run short of bricks a 
further 5000 had been bought from the nearest hardware shop and another 5000 from the 
World Market essentially for the construction of the septic tank and for other minor structures 
(i. e. small size bricks). Virtually all broken bricks had been made use of - some being used for 
paving floors in bed rooms as a base for receiving floor tiles. 
However, sand was not stockpiled although there was adequate space at the site. As such, the 
client was exposed to the risk of purchasing bulked sand and price hikes dur . ing monsoonal 
periods. 
Discussions with the structural engineer (a chartered engineer) revealed that the thickness of 
the loadbearing walls were specified as 9". Investigations revealed that the thickness of the 
wall built was around 8 V2" with a mix of 1: 6 cement and sand. The structural engineer was 
well aware of this change and did not consider the change to be of any significance as the 
loads carried were light. Furthermore, the layout has been so planned that walls in the upper 
floor were exactly over the walls in the ground floor -a practice planed out during designs to 
reduce eccentric loads on the slabs. 
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Table 4.4: 
Case Highlights - 
Two Storey Residence for a Private Client at Battaramulla 
Procurement of The purchase of a kiln-load of bricks directly from the kiln, assists in 
bricks reducing difficulties which would normally arise with the use of 
different sizes. 
Purchase of smaller brick sizes for less important walls (with no 
difficulty in using on a wall built with larger bricks). 
Client lacks knowledge on size requirements including the principle 
of dimensional co-ordination. 
Wastage of bricks and Left over broken bricks used as a paving material for floors - 
sand minimising wastage to almost nothing. 
Sand not stockpiled; Risk of price variations due to bulking and 
inflation during monsoonal periods. 
Wall thickness Neither the structural engineer nor the architect attached much 
significance to the thickness of the wall. 
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4.7 CASE STUDY 5: Multi-storey Office Complex for MacOcean 
Property Development 
The Engineer to the fore 
With 49% of its shares owned by Mitsui Construction Company of Japan, Sanken Lanka (Pvt) 
Ltd. was set up in 1989. During this short span of operation, its record of achievements in the 
construction of reinforced concrete sky-scrapers is unparalleled by any other Sri Lankan 
construction firm. 
The project described here is a9 storey office complex with car parks in the basement and in 
the first floor whilst the floors including the ground floor was allocated for offices. 
Wall thickness 
A significant departure was the adoption of a wall thickness of 200 mm when the size 
specified was 220 mm. This was been done without the permission of the Engineer! As the 
columns were much larger, there was no need to match column sizes with the wall thickness. 
Furthermore, as the floor height was 3.8 m with a suspended. ceiling at 2.6 m, there was also 
no need to match beam widths with wall thickness. 
The procedure adopted for laying bricks were not different to industry practices. As the bricks 
purchased were smaller than what was required walls had to be built with chapparu. (See Fig. 
4.1 with chapparu on the header course). External walls were built using the overhand method 
of construction with a wall thickness gauge; broken bricks were used in the header courses and 
on completion these bricks were not visible. 
Procurement of bricks 
The purchase of bricks was a decentralised activity at this site with the head office providing a 
list of suppliers. The site called for quotations from six suppliers along with samples. The 
sizes of the sample bricks, quoted prices, and their unit volume prices are given below: 
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Choice Brick size in millinietres Price in Rs. per thOLIsand Price in RS.. /CLI. Ill. 
175 x 91 x 50 1450/- 182 104 
177 x 88 x 45 145W- 206, ý,. 71 
3.193 x 89 x 47 1700/- 2105.74 
4.195 x 86 x 48 1700/- 21 1 1.91 
194 x 96 x 54 2100/- 208K II 
6. * 210 x 105 x 59 2300/- 1767A4 
Fig. 4.1: The chapl)MIl Oll OIC 11CýI&I'CoUl'SC. 
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As the contractor had unilaterally decided to change the wall thickness to 200 mm. the sample 
brick which was 210 mm (i. e. Choice 6*) was eliminated from the evaluation process. As the 
wall joint was less than 10 mm with Choice 5*, that too was eliminated. Eventually the 
selection between choices 1-4 was made with reference to the lowest price (and not on the 
lowest unit price although it turned out to be cheaper than choices 3&4) 
An examination of the bricks being used at the time of the study revealed an average size of 
183 x 94 x 49 mm at Rs. 1720 per cu. m. - which is a further reduction in the unit costs. It is 
worth mentioning that, what on the face of it appeared to be the cheapest brick could very 
well have turned out to be the most expensive, in view of the higher volumes of mortar that 
had to be used with brick choices I&2; having to build up the wall to 200 mm with chapparu. 
Thus this method appears to be ineffective in finding an 'optimum cost' solution to the 
variation of brick sizes. 
Delivery & storage 
Investigations revealed that no specific instructions had been given to the store keeper either 
on the size or quality of bricks. Inspections were limited to checking the quantity and visual 
appearance of the bricks. For example, on one occasion a lorry load of bricks whose 
dimensions were such that twice the breadth of the brick was approximately 200 nun was 
accepted; This load could not be used for 200 mm, walls as it was not possible to have a wall 
joint of 10 mm. 
Dealing with wastage 
Wastage of bricks received closer attention than other materials such as cement and sand. 
With the use of the labour-supply contract system (discussed later in depth) there was greater 
control over the workers. Therefore, the management was in a better position to implement 
measures to minimise wastage during handling. The instructions to the supervisors were as 
follows: 
a. No 'tip-overs' from wheel barrows as shown in Fig. 4.2 (i. e. bricks have 
to be stacked); and 
b. No 'throw-ups' from ground to first floor; instead bricks have to be 
filled into poly-sacks and transported on shoulder using the staircase. 
117 
Ch. 4- C%INC SILIdiCs 
.. 
Flo. 4.2: The chaos in stacking 
Bricks wci-c transported to upper floors using the staircase. Bricks were filled in to a poly-sack. 
Whilst it was possible to avoid the 'thl-OW-LIPS', the damages due to 'tip OVCI'S' Could not he 
avoided as the process of unloading bricks was much similar to it Up-over hunt a wheel hanunk. 
i-lowever. what was refreshing about these approaches were the attempt madc at ininjillisinz, 7" 
wastage rather than taking it for granted. The inten6on was to reduce wastage to about 2.5('; 
from around 1015W BuL what was failed to he recognised was the importance ()I' 
Continuously monitoring wasMge and workill" towards ZI *Continuous 1111prOVC]"I'lent Stl'at IS 
in Total Quality Management so as to reduce wastage to alrnostO% (Ball, 1992). 
Transportation of' bricks 
No Illecilýt1iical methods were LISed. It WXS ý11-"LICCI tilLit It WýI. S CIICýIJ)Cl- to LISC LIhOLII- 1'ýWllltalcd Cý 
tiv a ood avallahility of lahourý The alisence of a hol'st 01, a Cralic did [lot IIM(tCI- OICI-CCOI-e. . \Il 
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incentive scheme was worked out for transporting bricks and sand (similar to the scheme 
described under 'managing labour') with over time payment based on pre-set targets. These 
activities were carried out duringAay time (as compared with other sites which appear to 
resort to night time work for transporting) so as to minimise over time payments. As only the 
small size bricks were used the problems of mixing up bricks belonging to different Groups 
did not arise. However, bricks within this broad Group were mixed up. Attempts to separate 
bricks load-wise would have reduced the problems created by bricks of different heights. 
Managing labour 
A practice adopted by Sanken with respect to the management of labour is the utilisation of 
both piece-rate labour-only contractors and labour-supply contractors. Although the latter 
practice is considered to be common in Japan, where by a contractors hires out labour, it is of 
recent origin in Sri Lanka. It has been adopted only sparingly by most other local contractors. 
Under the labour-supply contract system, labour including craftsmen are supplied at a per day 
wage rate fixed by the company. The rates are lower than current market rates (i. e. by about 
30%); Labour-supply contractor's mark up is also fixed by the company. Currently, it is 18% 
with 12% as profit and overheads whilst the balance 6% covers business turnover tax. 
The company has about 25 such contractors and is considered to be a good labour source. This 
system is considered to be 'risk-free' to the labour contractor, as the control of labour is taken 
over by the main contractor. Therefore, this system of contacting would always be preferred 
by over the trade sub-contracting system if the rates paid to workers were on par with industry 
wages; In other words, if industry wages were adopted with the 'labour-supply' contract 
system, it would be a threat to the piece-rate system. Hence, the reason for fixing rates below 
the market rates. 
There are two other factors which facilitates the operation of a 'labour-supply' contract system 
with low wages; The first is that, most of the labour-supply contractors of Sanken undertake 
work on a piece-rate basis with Sanken and other contractors. The labour who work for them 
are P_Mployed on a 'casual' basis. To reduce labour turnover, it is necessary to provide 
6continuous employment' so as to provide a higher pay packet even with a low daily rate. In 
practice, what happens is that whenever the labour contractor finds it difficult to employ 
labour on piece-rate work, they have a source to utilise the workers by giving them over to 
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Sanken. Even if it means no profit, it does not matter as they know that they will have the 
workers when and if they need; The second, is that this system uses an incentive system which 
grants over time pay for work performed well (even without having to work over time). Such a 
process enables workers who are productive to benefit. 
Therefore, the conditions necessary for the successful operation of a 'labour-supply' contract 
system could be summarised as follows: 
L the wages fixed must be lower than industry wages; 
ii. the 'piece-rate' system must operate as well (i. e. 'within the company 
and not necessarily in the same project)- 
iii. the labour source must be good; and 
iv. there must be means for topping-up low wages. 
This labour-supply system (which is very similar to the employment of labour directly) could 
be used especially when - 
a. the rate for an item of work is tight and when it is necessary to 
reduce costs (as when projects are awarded late, with long 
duration projects with no price escalation for labour, high 
competition, and the like); 
b. when the contractor needs a greater degree of control over the 
workers' activities (than when using the piece-rate system) - as 
for example when it would be necessary to introduce an 
innovative construction method; & 
C. when time is not of essence (i. e. when activities are not critical); 
d. when work cannot be given on sub-contract (such as cleaning, 
demolition, etc. ). 
This project utilised this system extensively. The principal consideration when selecting this 
system was its ability to reduce costs (item a. above) as the project was awarded late with low 
rates. However. the reason for eventually adopting it for brickwork having employed piece- 
rate contractors initially (i. e. for about 3 weeks) was not governed by cost considerations 
alone. 
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The Resident Engineer had complained that the quality of' brickwork of the labour sub- 
contractors were poor. Brick courses were not considered to be horizontal and joints were too 
large - especially the bed joint. Disturbed by these comments the Project Manager decided to 
do away with the trade sub-contractors (i. e. piece rate sub-contractors) and shift to the use of 
labour contractors (i. e. those who supply labour at a daily rate) so as to have a greater control 
of bricklayer's activities (as per item b. above). Specific instructions were given to the 
bricklayers to reduce the bed joint and to ensure that the courses were straight (i. e. horizontal). 
Despite such instructions, the Resident 'Engineer' (i. e. from the consultants) expressed 
dissatisfaction and had insisted on the use of a 'gauge staff' to remedy the situation -a 
practice hitherto unknown by the Project Manager and the Supervisors! Thereafter, courses on 
the gauge staff was marked at every 62.5 mm by assuming a bed joint of 1/2" with a brick 50 
mm in height. 
On the day the gauge staff was introduced the bricklayers protested suggesting that it was an 
insult to their skills. As expected the output dropped drastically as shown by the deepest 
depression in Fig. 4.3. As the gauge-staff became acceptable output rose again to the normal 
levels. (Note: The first depression was due to an unplanned construction of a wall). 
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Fig. 4.3: Daily output per mason measured in bricks/day 
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Further examination revealed that as, the gang got accustomed to a smaller bed joint, the 
frequency of the use of the gauge-staff declined. Eventually it was withdrawn. The average 
bed joint was around II mm. Whenever a new set of bricklayers were. introduced it transpired 
that they tended to deviate from this standard. Despite these traits, it was possible to re-direct 
the new bricklayers to follow others with smaller bed joints even without the use of a gauge 
staff. This suggests that masons could be motivated to adopt smaller bed joints if properly 
directed. 
The variation of output in Fig. 4.3 relates to the output of 29 days over a period of about two 
months. The average size of the gang was 3.1 masons with a resource combination of 1: 1 
(always). Average productivity over this period was 817 bricks per day per mason. Excluding 
the two days with the largest disruptions, productivity peaked at 847 bricks/day per mason. 
It is also useful to study the operation of the labour-supply system from a cost perspective as it 
was coupled with an incentive scheme to achieve higher outputs, whilst limiting the labour 
cost to the rate quoted by the former piece-rate contractors. 
Prior to the introduction of the labour-supply contract system, piece-rate contractors were paid 
a rate of Rs. 85/- per sq. m. with bricks transported to the work locality by the main 
contractor. The daily wage rates fixed by the company when employing labour-suppliers' 
masons and labourers were Rs. 125/- and Rs. 80/-. As explained before the company had a 
fixed rate for the labour-supplier's mark-up at 18%. Accordingly the daily cost of a bricklayer 
and a labourer to the main contractor was Rs. 241.90 (with a mark-up of 18%). Thus, a gang 
had to complete 2.85 sq. m. (i. e. 241.90/85) to earn the specified wage rates. This target was 
early within their reach. Thus an incentive scheme with 6 hours of overtime pay for an output 
of 1000 bricks per day was proposed, as explained below: 
Statutory requirements regarding over time pay is that the rate for working over time on a 
normal working day has to be 1.5 times the hourly wage rate. The company considered it 
necessary to adopt a resource mix of 1: 1. The daily cost of this combination with 6-hours of 
over time work was Rs. 509.63 as shown below: 
Earnings per day = Basic wage + 1.5 x hourly wage x6 hours of over time 
Earnings of bricklayer per day 125 + 1.5 x (125/8) x6 Rs. 265.58 
Earnings of labourer per day 80 + 1.5 x( 80/8) x6 Rs. 170.00 
Total per day Rs. 435.58 
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Payment to labour-supply contractor with 18% mark-up 
Area of work that needs to be done to earn a6 hr. over time payment 
Number of bricks that needs to be laid to earn a6 hr. over time payment 
Rs. 509.63 
509.6/85 
5.99 sq. m. 
5.99 x 1.50 
bricks/sq. m. 
898.50 bricks 
This requirement was eventually communicated to the bricklayers as a target of, 1000 bricks 
per day as it had an in-built safety margin; Furthermore, it was a target easily visualised by the 
masons. 
However, data in Fig. 4.3 show that this target was higher than the average daily output. Thus, 
this it had to be geared to cope up with a shortfall in the output. 
As approximately ISO bricks account for one sq. m., a reduction of output by ISO bricks should 
entail a reduction of Rs. 85/- which was the piece rate paid for labour sub-contractors (i. e. per 
sq. m. before shifting to the current system). The cost of an hour of gang overtime amounts to 
Rs. 38.43. Therefore, if the output reduces by say 150 bricks, their over time payments should 
be reduced as shown over leaft 
Shortfall in output 
Amount of payment to be deducted from labour-supplier 
Reduction in payment to labour-supplier when 
one hour of over time is reduced 
Therefore, the number of hours of over time to be reduced 
for a reduction in output of 150 bricks 
150 bricks 
Rs. 85.00 
Rs. 3 8.43 x 1.18 
Rs. 45.35 
Rs. 85/45.35 hrs. 
1.87 hours 
For all practical purposes this is taken as 2 hours. When the daily output is below 1000 bricks, 
this would reduce the costs further. If the output exceeds 1000 say by 150, the bricklayer 
would be entitled to another 2 hours of over time amounting to a total of 8 hours. This actually 
pays more than what should be paid as two hours of over time would cost the main contractor 
Rs. 90.70 whereas only Rs. 85 should have been paid. This is only marginally higher and as 
the target of 1000 is anyway higher than the target of 898 computed before, it would only 
amount to a marginal increase in costs. 
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Another feature of the labour-supply system (which had not been discussed hitherto) is the 
employment of a 'labour supervisor' whose wages were also paid by the main contractor. 
There were three labour suppliers at this site. Discussions with one of them revealed that a 
work force of about 35-40 had to be managed. The supervisors role was to - 
a. hand over the labourers as requested by Sanken Lanka Supervisors; 
b. ensure that people are working; 
c. keep a record of work times and get them duly signed by the supervisors; 
and 
d. look for work urgent work so that his workers could secure over time work. 
Thus, the labour-supply contract system with wages fixed at rates substantially below industry 
levels, when coupled with an incentive scheme for higher productivity worked out on the basis 
that the eventual labour cost would not exceed the going piece-rates, affords many benefits to 
the main contractor. These are enumerated below, over and above those given earlier: 
acts as an inducement for using smaller joints, as such joints results in more 
bricks to a square meter; 
tops up remuneration to both the bricklayer and labour-supplier which is in 
sharp contrast with the piece-rate system ; The latter appears to pass all the 
benefits of higher productivity to the piece-rate contractor; 
iii. as the control is in the hands of the main contractor's supervisors, greater 
opportunity to ensure quality; 
iv. eliminates the risks associated with low outputs when using labour-supplier's 
labour; 
V. affords the opportunity to reduce costs even below those of piece-rate 
contractors; and 
vi. affords the opportunity to introduce new methods of bricklaying to achieve 
higher productivity. 
Incentive schemes are usually associated with quality problems. It also affords opportunities 
for corrupt practices (as for example attempts to inflate over time payments with cut-backs to 
supervisors). Thus, as in any other management situation, systems have to be operated with 
systems of cross-checks/reconciliation. 
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Cost control 
The site was marred by the lack of any cross I control systems. However, the labour cost was 
regulated to going rates of piece-rate contractors as explained earlier. Transport costs were 
minimised by resorting to day-time work using labourers and was cheaper than using a crane 
or a hoist. No material reconciliation statements were prepared. 
Table 4.5: Case Highlights 
Multi-Storey Office Complex for MacOcean Property Development 
Feature Assessment 
Procurement of bricks About 2 to 3 suppliers selected on competitive quotes with sample 
approved by the Engineer. No strategic evaluation of quotes; lowest 
selected. Store keeper not informed of the size required. 
Transportation to No mechanical methods employed; Labour-supplier's labour used. 
higher floors Undertaken during day time only. Staircase used. Bricks filled into 
poly-sacks. 
Mixing of mortar Controlled; Hand mixed, measured using gauge boxes. Mix 1: 5. 
Wall thickness Unilateral change of wall thickness to 200 mm. from the specified 220 
mm (i. e. without the permission of the Engineer). Controlled at 200 mm 
using a wall thickness gauge. 
Match with Beam/ Column sizes are much larger. Consist of a suspended ceiling. Hence, 
Column sizes the need to match does not arise. 
Joint size/Course Control motivated by Engineer's complaints. Change over to the labour- 
height supply system for greater control. Use of a gauge-staff. Resistance to 
change. Learning curve effect witnessed. Joint sizes maintained even 
without its use. 
Labour management Successful utilisation of labour-supply contractors having used piece- 
rate contractors initially. 
Wastage of bricks Recognise the need to control the numbers breaking during 
transportation leading to 'no tip-overs' and 'no throw-ups' strategies. 
Inadequate implementation. Fails to monitor wastage and embrace a 
Gcontinuous improvement strategy. Brick bats used as headers. 
Output Average of about 900 bricks per day per bricklayer. Benefits to both the 
bricklayer and the labour supply contractor. Resource mix of 1: 1 
always. 
Cost control No check on overall cost. Labour cost regulated to going rates of piece- 
rate contractors. No attempt to control material costs. 
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4.8 CASE STUDY 6: Three Storey Split Level Residence for an Engineer 
The Economiser 
The structural solution for the house described herein was based on constructing the walls first 
and concreting columns and beams afterwards. A wall thickness of approximately 185 mm 
was adopted in keeping with the freely available small size bricks (i. e. Group 4 bricks). 
Though it was customary to build walls which were thicker (about 225 mm), as a means of 
cutting down costs, a smaller wall thickness was preferred optimising on the wall thickness. 
The reasoning was that if the wall thickness could be reduced to 185 mm from a standard size 
of 220 mm, the cost could be reduced by about 16% (i. e. [220-185] * 100/215]. 
As a another measure to reduce costs a cement sand mix of 1: 8 for ground floor walls and a 
mix of 1: 10 for upper floor walls were adopted. The extent of the cost reduction by this 
decision was never computed, as with the reduction of the wall thickness. 
Smaller bricks came from the Kochchikade area, which was about 50 knis from the site; In 
contrast, the kilns a Kaduwela which produce larger bricks were only about 15 kins, away. As 
the bricks at these kilns were large they could not be used for building walls. Whilst there 
were advantages to be gained by buying a kiln-load, pressure of work and the difficulties of 
negotiating with kilns finally led to the 'world market of bricks' at Nawala. A lorry load would 
consist of about 4,500 to 5,000 small size bricks. This would entail about 12 visits to the 
Gworld market' with a 'just-in-time' approach as against one visit to a kiln with a 'stock piling' 
approach. 
Having decided on the wall thickness, it was necessary to select a size approximately 185 mm 
in length. The intention was to look for the lorry with the tallest brick which satisfied the 
following criteria: 
Length:! ý 182 mm Size 3 mm less to cope with over long 
bricks 
Length -2x breadth To minimise chapparu and wall joint 
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This method requires a tape. In the alternative, a sample can be taken to the world market 
when choosing a brick to match the length and the breadth. As for height, it is claimed that, to 
a 'trained-eye' it is a fairly easy task to spot bricks which are taller than most others; A good 
indicator would be to examine the height of the stack of bricks in comparison with the side 
board (see 3.2.7: Transport Syndrome) 
To ensure compliance with a wall thickness of 185 mm, a wall-thickness gauge was used. 
Reinforced concrete columns and beams were cast after building the wall. As such there was 
no need to make an attempt to match the wall with the column/beam sizes. No attempt was 
made to control joint sizes. A resource mix of 6 masons and 6 labourers were used most of the 
time. 
Table 4.6: Case Highlights 
Three Storey Split Level Residence for Engineer 
This case highlights a procedure which could be adopted by contractors or property developers 
to economise/optimise construction costs by reducing/optimising on the wall thickness. 
Procurement Three criteria were adopted for selecting bricks: 
strategies of Criterion 1: Select a brick slightly less than the desired wall thickness 
bricks for Criterion 2: Select a brick with length approximately equal to twice the 
econornising costs breadth 
Criterion 3: Select the tallest brick subject to criteria I and 2. 
In order to cope with variations in size, bricks slightly shorter than the wall 
thickness was selected. 
Wall thickness The wall thickness was fixed with a pre-knowledge of available sizes. 
Cost reductions Cost reductions can be achieved by using weaker cement sand mixes 
differentiated by floors. 
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4.9 Summary of Case Study Findings 
The procedure adopted herein is to summarise these findings with respect to the categories of 
chaos identified in Chapter 3. 
4.9.1 Procurement of Bricks: Approaches for Coping with Variability in Size 
These cases reinforces the diversity discussed in Chapter 3. 
Different approaches may be adopted to cope with the size variations in bricks during 
procurement: Case I demonstrates the use of different sizes with the strategy of limiting a 
particular size to a floor in the construction of multi-storey buildings; Case 2 demonstrates the 
use of bricks with different heights at different localities in the construction of many isolated 
buildings in the same project; Case 3 demonstrates the option of specifying a size or 'near' 
standard size bricks; Case 4 demonstrates the option of buying a kiln load; Case 5 
demonstrates the selection of bricks based on a wall joint of 10 mrn whilst Case 6 introduces a 
4multi-factor' approach for dealing with size variations. 
Care must be taken when bricks belonging two or more Group sizes are used as any mix leads 
to problems. 
Management must ensure that decisions on coping with such variations are duly 
communicated to the relevant staff-, For example, the store keeper has to be informed of the 
size of the brick ordered or of any special requirements (i. e. length < 200 mm, 'L-2B>10 mm, 
etc. ) 
4.9.2 Approaches in Dealing with Wall Thickness 
The case studies presented earlier clearly show the mis-match between standard specifications 
and industry practices; For example, in cases 3 and 5, the wall thickness has been changed 
from 220 mm to 200 mm unilaterally., 
it is possible to construct single brick thick walls of different widths as in Cases 1,5 and 6. 
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Furthermore, Case 6 demonstrates an approach of pre-selecting the wall thickness with the 
knowledge of available sizes. 
The use of floor markings and wall thickness gauges may be used for controlling the thickness 
of walls. 
In situations where there is a need to match the wall width with either the beam or column 
width or both (as in Case 2), the size of the wall joint is adjusted to suit the wall width; the 
header course can then be built to match the width of the stretcher course by filling up the 
shortfall in length (i. e. with chapparu). Often, this is the case in the construction of two storey 
reinforced concrete building where beams are cast on walls and columns are sandwiched in 
between walls, as concreting is done only when the walls are constructed. 
There are situations where the need to match walls and columns/beams may never arise , as for 
example, when columns and beams are all larger than the range of widths possible with single 
brick thick walls (as in Case 3). There are also situations where this need may never arise with 
respect to columns; as for example when columns are much greater than the range of widths 
possible with single brick thick walls (as in Case 1); Other situations where this need may not 
arise is with respect to beams even though its width may be in the range of single brick thick 
wall; A case in point is when there is a suspended ceiling covering the wall and the beam joint. 
These cases fail to provide information on any limitations of the practice of using chapparu. 
(For example, it is not clear whether a 225 wall can be built with small Group 4 bricks). 
Creating an awareness of the issues discussed above would be a way of coping with the 
phenomenon of unresponsive designing and detailing. 
4.9.3 The Irregularity of Brickwork Joints 
In all but one site (i. e. Case 5), the joint sizes were much greater than the standard size of 10 
mm. These sites were also marked by the absence of any attempt to control them. However, 
these case studies were not of much help in finding reasons for the use of specific joint sizes. 
Only one contractor (i. e. Case 3) had previous experience in the use of gauge rods for 
controlling bed joints. They too did not attach great importance to its use. 
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The column face could also be used for marking the course heights instead of using a gauge 
staff. 
Smaller bed joints (i. e. in the range of V2") are achievable by the use of a gauge staff-, Once the 
bricklayers are trained to achieve a specified bed joint, they can be controlled to maintain joint 
sizes even without the use of gauge staffs. 
4.9.4 Wastage of Bricks: Attitudes of Consulting Engineers, Conflicts and Strategies 
Generally, there appears to be a lack of concern for controlling wastage of bricks in all but 
one case (i. e. Case 5). As Crosby (1985) points out '... the operation has settled down to a 
level of incompetence'. 
The lack of importance attached to wastage may stem from the fact that broken bricks could 
be used in the construction of walls or in other construction activities, - as a means of 
minimising wastage. 
Not all consulting engineers permit the use of broken bricks. If permitted, wastage can be 
reduced to almost zero. These bricks are used generally in header courses as it cannot be seen 
once laid. 
The percentage of broken bricks at delivery was high; No attempts were made to obtain 
replacements for broken bricks. 
There appears to be a conflict of interest between the sub-contractors and the main contractors 
with regard to the use of brick bats; Whilst main contractors prefer their us 
. e, some sub- 
contractors dislike them on the grounds that it takes more time to build walls. Two strategies 
could be used to ensure the use of broken bricks- 
to let trade subs to transport materials without employing a separate sub to do 
so; The rationale herein being that if bats transported are not used they would 
have to transport more bricks. (See Case 3) 
to engage a separate sub to transport bricks with a specific quantity per location 
with the proviso that any additional quantities required should be transported 
only with permission. (See Case 1) 
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Double handling of bricks and transportation to higher floors indicate of high wastage. 
Source of bricks differentiated with respect to the extent of bricks that break during handling. 
(For example, Kaduwela bricks are considered to be weaker than Kochchikade bricks resulting 
in more breakage. ) 
'No throw-ups' and 'no tip-overs' strategies for controlling the number of bricks that break 
when handling. (See Case 5) 
4.9.5 Strategies for Cost-Effectiveness 
An attempt has been made in Case 2: 'The Strategist... ' and Case 6: 'The Economiser ... ' to 
deal with the variations in brick sizes from the perspective of material costs. The four-pronged 
strategy adopted in Case 2 and summarised in Table 4.2 is a way forward except for the 
following assumptions which may lead to shortcomings: 
L The size of the joints used in construction is V2". 
ii. The volume of mortar required could be computed by subtracting the volume of 
bricks. 
iii Stockpiling bricks and sand would be cheaper than purchasing it on a 'just-in- 
time' basis. 
iv. The basis of selection of a broad Group of bricks, is insensitive to small 
changes in size of brick within a Group. 
V. Volumes of cement and sand required to produce a given volume of mortar 
does not change with the type of sand. 
In order to guard against seasonal fluctuations in prices, materials may be stockpiled by 
working out its cost benefits (Abeysekera, 1987). 
The approach in Case 6 demonstrating the possibility of selecting a wall width to suit existing 
sizes of bricks available, show that there are opportunities for optimising/maximising costs; 
However, Case 6 does not provide a mechanism to evaluate these choices. 
All other cases (i. e. Cases 1,3,4 and 5) were marked by a lack of awareness in coping with 
issues related to material costs arising out of the diversity in brick sizes. For example, the 
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attempt in Case I was to purchase both small and large bricks; in Case 3, it was a either 
getting a standard size brick specially manufactured or the purchase of large bricks; in Case 4 
the strategy was to purchase a kiln load of large bricks; and in Case 5, the strategy was to 
purchase the cheaper smaller bricks. 
Labour costs were controlled by the use of sub-contractors; The 'labour supply' system 
described in Case 5 appears to be an efficient system as it combines the cost features of sub- 
contracting with the added advantage of having greater control and a higher productivity with 
benefits accruing to both the sub-contractor and to the work gang. 
For the purpose of minimising transport costs (horizontally and vertically) direct/sub-contract 
labour could be used instead of using a crane/hoist; Other options include the use of specially 
designed wheel barrows (see Case 3) or as pallet trucks. 
4.9.6 Incorrect proportioning of mortar mixes 
A gauge box for measurement of volumes of cement and sand was used only in one site (Le. 
Case 5). Even at this site, no adjustments were made for bulking of sand. In general, it may be 
concluded that mortar mixes could vary within the lower and upper bounds as explained in 
section 3.13.5. 
4.9.7 The Absence of Conventional Material Reconciliation Statements 
None of the sites adopted material reconciliation statements. 
4.9.8 Poor Quantity Surveying 
As explained before Cases 1,3,4 and 5 demonstrates situations where the specified wall 
thickness had been changed (from 225 or 220) to a lesser thickness; Despite such reductions 
no deductions appeared in Contractors' valuations. 
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CHAPTER FIVE 
THEORETICAL FRAMEWORK 
FOR MORTAR CONSUMPTION STUDIES 
5.1 Introduction 
Chapters 1,3 and 4 have clearly highlighted the diversity in the brick size, the variations in 
brickwork joint sizes and the wall thickness. As discovered in Chapter 4, these situations yield 
diverse practices despite attempts to standardise 'initial conditions' by the use of standard 
specifications, technical drawings and the like. No doubt, these variations would have an 
impact on mortar consumption characteristics. Such characteristics need to be studied in the 
pursuit of identifying strategies for managing the chaotic situation at hand. These will also be 
important later for studying the impact on the overall cost of brickwork. Therefore it is 
necessary to develop a methodology to predict mortar volumes with the variables mentioned 
above; Prima facie, this appears to be a simple task; just take away the volume of bricks from 
the volume of wall, to arrive at the volume of mortar. Even though this simple equation fails 
short of including the variable of joint size in to the equation, field trials showed significant 
variations with such theoretical computations! 
Mortar used for brickwork in Sri Lanka is prepared by mixing cement and sand with water. 
Lime is rarely used in these mixes due to its short supply, adverse environmental impacts, and 
its cumbersome use. Whilst the type of cement being used at present is ordinary Portland 
cement, there are four types of sand. (See also Table 3.8). These are broadly categorised in the 
industry as very fine, fine, medium and coarse based roughly on -its particle size distribution 
and distinguish by visual means (see Fig. 5.7). Of these, the 'medium' type is used frequently 
for preparing mortar. The mortar prepared is harsh, non-plastic, unlike the "creamy" mortar 
used in UK. 
5.2 Types of Brickwork Joints 
The English bond is used extensively for the construction of single brick thick walls in Sri 
Lanka, whilst the Stretcher bond is used for half brick thick walls; These are used as 
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SUj)Cl'Stl'UCtUl-C Walls, and al-e limited to these two sizes of' walls. With the VOILIIIIC of' hricks used 
for single brick thick walls far exceeding is use in hTF brick thick walls. as previOLNI)' Sided 
(Section 1.3). 
5.2.1 Joints in Single Brick Thick NValls 
5.2.1.1 The Four Conventional. loints 
Brickwork in English bond haS fOLW IYPCS Of jOWt. S: namely tile hcdjoint, tile cl'O'S'. -S ý 
II 10ints ()I, thý: 
licader and stretcher coumes, and the wall joint in between two pwaHel stracher Mcks. 
-5.2.1.2 The Fifth, joint in Single Brick Thick Walls 
In contrast, Si-I Lankan brickwork is ch-aracterised by a fifth joint which is referred to as (lie 
-chapparu' joint (See Fig. 3.2 and Fig. 5.1 ), the word being of Sinhalese orl, -, ii (\\"' -1 11CILlIll-'a. 
11), S2)-, 'Cha* is PI-011OUnced as in 'charcoal'. This joint arises as a result 01, the widill ol, (lie 
--ti-ctcher course being greater than the lenoth of the brick. This short fall (i. e. III tile licader 
COLII-SC) IS t'llled Lip With mortar - which is what is referred to as 'chapparl. C. 
Fig. 5.1: Filling, chappaill JOInt With mortar (see bricklayer on the bottom left corner) 
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It I,, interesting to search the history of' this development. An experience humorously recounted 
hy a 75 year old mason (now a SUbcontractor) shows that the 'chapparu joint' is not of' recent 
orl"Im III the cXamination of tile buildings reFerred to in 3.2.1 (The Era Syndrome), the LISC 01' 
CIMI)JIM-1.1 to fill the gal) in the header COLII-SC kvas clearly visible: 
1. //1 /935 lve were building the, maiii post ofti(-c at Malara (a (-itv III southeni Sri LaIlka). Ple 
eligineer who supervised this pro. je('t (i. e. oli behaýfo, fthe Cliew) tvas verv stri(-t. Pie bri(-ks III those 
days ivere large unlike what is available todav. But we had a problem (it hand. Quite a lot ot'bri(-ks 
were tot) shollfiw the header (mirse awl had to be rejeeted as the enghwer ivanted the header (11141 
the stret(lier fiwes to be always flus/. Therefi)re, we had to (-hoose mawhin,,,, bric-ks whi(li litted 
c. mi-il. i irith the header course. As a result, the wastage it-cis morinotis. Bricklayer qjier bric. klayer 
was sent 'home' In the engineer fi)/. not (. 0 Inp I-ving with his. instriwitions: The contra(lor was loosing 
as a residt qfthis problem. Wheii I started work- tit this site, / devised (III iligenious mediod. / 
11141,11, sure that alwaYs / had a stoek of bricks whidi matehed the bricks requiredfiw the h(weler 
(will-se. Wheiiever the Eiigineer (wine, I itsed these bric-ks to build the ivall. Aml it-he)i 1w was gone. / 
useel broken bric-ks. ffit was insuffieient, there it-as no alternative but to break bric-ks into halves (mel 
plat-e thein in the header c-ourse with (I gap III the middle. The wall appearedfine firom the, side 
giving the iinpressimi that header eourse brk'ks mawhed the width of the stretc-her (. -ourse. Pie 
eligineer was very happy. I was rated verv high bv him and wegot along fine! ". 
Fig. 5.2: Filling header COLII-Se. jOIlltS (Note the short header brick - I-CS1.11hil", III 
tile chappal-LI joint, III tills Case oll1v oil olle side. ) 
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However, the origins of this practice may have begun in the Dutch era (mid 16th Century to 
1832). ' ... Bricklaying 
in Holland is very nearly uniform and consist of reaching for one brick 
and one trowel full of inortar simultaneously. The brick is used to form the vertical joint with 
the one already set by shoving mortar between them. ' (Whitehead, 1973, p. 9). This method is 
some what similar to the practice adopted in Sri Lanka. (See Fig. 5.2); but is different to the 
British method of bricklaying where the brick is buttered with mortar and pressed against the 
existing brick instead of shoving mortar in to the joint. Thus, it appears that Sri Lankan 
bricklaying could have been more influenced by Dutch practices than British practices. Taking 
this lead, Dutch words which were similar to 'chapparu' was searched in a dictionary giving 
English meanings. Two words, in particular, appeared to be similar; 'Chapado' meaning 
'downright, perfect, complete'; and 'Chapdr' with W pronounced as in fat (prolonged) 
meaning 'to plate'. Surprisingly, both these words indicate a similarity with 'chapparu' 
suggesting its use even during the time of the Dutch. Therefore, it appears that this is a 
practice that has been adopted for many centuries. In fact, this joint is of special significance 
(see section 7.4.2). It may be on both sides of a header course as in Fig. 5.3 (a) or on one side 
of the wall as shown in Figs. 5.3 (b) and (c). 
Elevation of a single brick thick wall in English bond 
Chapparu on both sides 
(a) 
AB 
Chapparu on side B 
(b) 
Chapparu alternating on both sides 
(C) 
Fig. 5.3: The chapparu on one side; continuously or alternating 
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5.2.2 Joints in 11alf Brick Thick Walls 
5.2.2.1 The Two Conventional Joints 
The stretcher bond is used for the construction of half brick thick walls. It has only two johits, 
namely the becljoint and the cross joint. (See Fi,, -,. 
5.4 (a)) 
5.2.2.2 i, iie 'riiii-(i joint in Half Brick Thick Walls 
Fig. 5.4 (h) shows the chapparu Joint on a half brick thick wall which is altcrnated from ,, dc to I 
side. Unlike the case of'sin-le brick thick walls, it is never found on one side. The wall without 
chappal-Li IS al-)OLIt 90 111111 thiCk-, whilst the wall with chapparu is 110 inin thick, with a chýipparu 
(d, about '-() 11111). 
5.4 (a): Hall brick thick %ýall 
WltllOLlt chapparLI 
Fig. -5.4 (b): 
A hall'brick thick %\all 
With chappart. 1 Oil 
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5.3 Computation of Joint Sizes 
Not all joints are open for measurement on completion of a wall; for example, when the 
header course is with 'chapparu', the sizes of bed joints and header course joints cannot be 
measured from the face of the wall as they are not visible. The only option would be to 
measure it from the stopped ends of the wall and that too would only be possible only if the 
wall does not butt against another wall or a column. Furthermore, a large amount of 
measurement would have to be taken in order to arrive at an accurate average which would be 
cumbersome especially if measurements were to be taken when bricks were being laid. 
Therefore, five formulae were developed to compute average joint sizes by making use of 
actual measurements of average dimensions of the wall and bricks used. The methods adopted 
for the calculation of these averages are given in sections 5.3.1. to 5.4. 
Bed Joint: 
TB = av. wall ht. - no. of courses x av. bk. ht. .............................. (1) 
No. of courses of bed mortar 
where, TB is the average thickness of the bed joint. 
Stretcher Course Joints: 
TS av. length of a strc. -((av. no. of eg. bks. in a strc. )/2)x av. bk. length ......... (2) 
av. no. of cross joints in a strc. 
TiS av. wall thickness - (2 x av. breadth of a bk. ) ............................................... (3) 
where TS and TiS are the av. sizes of the cross jt. and the wall jt. in the 
strc. course. 
Header Course Joints: 
TH = ay. h/c length - (ay. no. of eq. bks in a h/c) x av. breadth of a bk . ................ (4) 
av. number of cross joints in a h/c 
TC = av. wall thickness - av. bk. length ............................................................... (5) 
where TH & TC are the average sizes of the cross joint and the 
chapparu joint in the header course. 
A similar approach can be adopted for half brick thick walls as well. 
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5.3.1 Equivalent Number of Bricks 
As explained in section 3.12 broken bricks are used to minimise wastage. However, this 
results in more joints and consequently more mortar, which has to be taken into account when 
calculating joint sizes and mortar volumes: 
no. of full bricks = No. of full bricks + 3/4 x (no. 'of three quarter bricks) + 1/2 x (No. of half 
bricks) + 1/3 x (no. of one third bricks) + 1/4 x (No. of quarter bricks) 
5.3.2 Average Number of Cross Joints 
The study distinguishes 3 types of end conditions of straight walls (without comers, tee 
junctions etc. ) that has an effect on the number of cross joints and the volume of mortar: 
Type 1: Both ends constrained by two cast columns 
Type 2: One end constrained by a cast column and the other unconstrained 
Type 3: Both ends unconstrained ( In an unconstrained wall the ends can 
be either vertical or ragged. ) 
The relationship between the type of end condition and the number of cross joints in a 
brickwork course is as expressed in Table 5.1. The average number of cross joints in either a 
header course or a stretcher course can be calculated by dividing the number so obtained by 
the number of respective courses. 
Table 5.1 
Number of cross joints in a brickwork course depending on end conditions 
Type Stretcher Courses Header Courses 
No. of bricks & bats in 
the relevant courses N1 N2 
Both ends 
constrained (V2x N1) +I N2+ I 
One end 
constrained (V2x NO +0 N2+0 
Ends unconstrained (V2x NI) -I N2 -I 
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5.4 Bulk and Unit Dimensions of Bricks: Rationale for Selection of Unit Averages 
5.4.1 Bulk Dimensions 
One method for measuring average dimensions of a brick is that of measuring bricks in bulk. 
This method, which is recommended in the SLS 39: 1978 & the British Standard 3921: 1985 
for Burnt Clay Bricks, is hereinafter referred to as the 'bulk method'; The procedure outlined 
is to place 24 randomly selected bricks contiguously and measure its length by placing bricks 
lengthwise, breadthwise and on edge. Dividing these lengths by the number of bricks (i. e. 24) 
would give the 'bulk averages' with respect to the three brick dimensions. 
5.4.2 Unit Dimensions: Rationale for the Selection of Unit Dimensions 
It was mentioned in 5.1 that one of the simplest ways of computing the volume of mortar used 
in a brick wall is as follows: 
Volume of mortar = Volume of wall - Total volume of bricks 
However, initial studies showed significant differences between these 'theoretical' volumes 
and actual field volumes. By observation and investigation, it was discovered that there were 
three main reasons for this variance: 
The use of 'bulk dimensions' instead of 'unit dimensions' (see below); 
Lack of a methodology to account for unfilled/underfilled brickwork joints; & 
Lack of a methodology to take account of issues'raised in (ii) above when 
calculating theoretical volumes. 
The 'unit method' of measuring bricks, in contrast, does not group the bricks as in the 'bulk 
method'. A sample of bricks are selected as before and the dimensions are now measured 
individually (i. e. by taking brick by brick). Thereafter the arithmetic average is obtained to 
arrive at the 'unit average'. 
This method which is hereinafter referred to as the 'unit method' diminishes the effect of 
artificially inflating the brick dimensions and consequently the volume of bricks due to 
irregularities in shape and any surface protrusions which is accounted for when measured in 
bulk, by placing bricks contiguously. 
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The difference between the 'bulk' dimensions and 'unit' dimensions can be expressed by a 
factor referred to as the 'distortion factor' (DF), as defined below. Four factors have been 
computed, i. e. for length, breadth, height and volume. 
For length, breadth or height of a brick: 
Distortion Factor 
For volume of a brick- 
av. bulk dimension of a brick 
av. unit dimension of a brick 
Distortion Factor (volume) av. bulk length x breadth x height of a brick 
av. unit length x breadth x height of a brick 
5.5 A Methodology for Quantifying Unfilled/Underfilled Joints 
As stated in the introductory paragraph to this Chapter, examinations reveal that brickwork 
joints are not completely filled. A practice that seems to adopted some times is to place a 
scoop of mortar on the bed joint and spread it along without ramming (shoving) mortar in to 
joints (see Fig. 
_ 
5.2); More often than not, it is the wall joint that does not get rammed; The 
manner in which the trowel is held in the hand facilitates the shoving of mortar to cross joints 
but not the wall joint. In order to quantify the degree to which these joints are full, five factors 
F1 - F5 were introduced: 
Fl 
F2 
F3 
R 
F5 
Factor for bed mortar fullness 
Factor for mortar on the face of a header course (i. e. in 'Chapparu') 
Factor for mortar in cross joints of the header course 
Factor for mortar in cross joints in the stretcher course 
Factor for mortar in wall joints (in the stretcher course) 
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5.6 Conceptualising Methods for Computing Mortar Volumes 
5.6.1. Single Brick Thick Walls in English Bond 
An outline of the procedure adopted in transforming conceptual ideas to potential methods are 
shown in Fig. 5.5. Three methods were conceptualised for the purpose of cornputing mortar 
volumes: 
The Full Wall Method 
The Representative Unit Method 
The Course Based Method 
Conceptualise Methods 
Compute theoretical 
mortar volumes 
I 
Modify existing 
measurements or add 
new 
measurements 
Examine reasons 
Modify existing 
methods or 
conceptualise new 
methods 
14 
No 
Compare with 
flield volumes 
Is accuracy acceptable? 
Yes 
11 
Validate methods 
No 
I 
Is accuracy acceptable? 
Yes 
Accept methods 
Fig. 5.5: Procedure for transforming conceptual ideas to potential methods 
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5.6.1.1 The Full Wall Method (FUM) 
In this method the wall is considered as a whole. The volume of bricks and openings are 
deducted to arrive at the 'theoretical' volume of mortar. This relationship can be shown thus: 
Volume of Mortar = Volume of Wall - Volume of Bricks - Volume of Openings 
5.6.1.2 The Representative Unit Method (RUM) 
A cuboid consisting of two bricks each from each type of course, i. e. a header and a stretcher, 
is the basic unit for treatment in this method as shown in Fig. 5.6. The volume of mortar in 
each type of joint within this 'representative unit' (i. e. the cuboid) is separately computed and 
aggregated to arrive at the volume of mortar in the cubold by the procedure outlined below. 
The five factors Fl- F5 introduced in 5.5 to take into account the degree of mortar fullness is 
used for multiplying joint volumes for accounting for actual mortar used. These can now be 
expressed as follows: 
Wall joint 
TS 
----------------------- ------------- :: - Croýs ýoint in stretcher course 
J'B 
. --------------------- 
Bed joint 
I 
.......... 
Chapparu 
TW 
is 
. --6oss joint in header course 
(Wall width) 
Fig. 5.6: Representative Unit in RUM Method 
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Volume of bed mortar - (V I) =FIx (2xTB x(L+TS)) xTW; 
Volume of mortar on the face of a header 
course (i. e. in Chapparu) - (V2) = F2 xI (L+TS) x (TW-L) xH 
Volume of mortar in the cross joints of 
the header course - (V3) =F3x(2xTHx Hx L); 
Volume of mortar in the cross joints 
of the stretcher course - (V4) F4 x (TS xHx TW); 
Volume of mortar in the wall joints 
of the stretcher course - (V5) FS x( (TW - 2xB) xHx L)-, 
where, 
L, B, H are the dimensions of a brick; 
TB is the size of the bed mortar; 
TH and TS are the sizes of the cross joints in the header and stretcher courses; & 
TIS is the size of the wall joint (i. e. TW-2B) 
Total volume of mortar in a 
representative unit - V6 VI+V2+V3+V4+V5 
The volume of mortar for a given area/volume of brickwork can be calculated by deflating the 
volume so calculated by the following factors and multiplying by the relevant area or volume 
as shown below. 
Surface area of the representative unit (a) =2x (L+TS) x (H+TB) 
Volume of the representative unit (v) =2x (L+TS) x (H+TB) x TW 
Volume of mortar in a given wall area 'A' = (V61a) xA 
Volume of mortar in a given wall volume 'V' = (V6/v) xV 
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Similarly, the number of bricks in given area/volume of wall can be calculated as shown 
below: 
No. of bricks in the representative unit (b) =2+((L+ TS -2x TH) / B) 
No. of bricks in a given wall area 'A' = (b/a) xA 
No. of bricks in a given wall volume 'T = (b/v) xV 
5.6.1.3 The Course Based Method (COB) 
In this method the entire wall is treated as an aggregation of courses of brickwork for the 
purpose of computing mortar volumes; a course consisting of a layer of bed mortar and a layer 
of bricks. The volume of mortar in the bed joint is computed by deducting the aggregate 
volume of all layers of bricks from the total volume of wall. Although the process of 
computing bed mortar appears to be straight-forward, the computation of the volume of mortar 
in other joints, requires consideration to arrangement of bricks within a course. The need to 
treat each course separately arises mainly due to the following reasons: 
L Use of brick bats in both stretcher and header courses. Brick bats referred to 
herein consist mainly of three quarter bricks, half bricks, one third bricks and/or 
quarter bricks. Numbers used may vary from course to course; 
The laying of different number of whole bricks in stretcher/header courses of 
equal length and/or non-equal lengths; 
iii. To take account of different end constraints of walls; i. e. for example whether 
the wall is confined between two columns, confined at one end or free standing 
, (see Table 5.1): & 
iv. To take account of openings. 
The formulae developed for computation of mortar volumes are as shown below. The symbol 
ID is used to indicate that values have to be summed up coursewise. The values of the 
4course type indicator' is taken as 0 for a stretcher course and I for a header course. A typical 
data collection form is given in Appendix 5.1. 
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In bed joints F1 x [av. wall thickness xI (av. wall ht. x av. wall 
length - av. brick ht. xZ (eff. length of a course) )] 
In wall joints F5 x [Z ((av. wall thickness -2x av. breadth of a 
brick) x av. brick ht. x (length of wall j ts. ) I 
where, Length of wall jts. = Av. brick length x eq. no. of bricks 
In 'chapparu' of header courses = F2 x (av. wall thickness - av. brick length)x eff. 
course length x av. brick ht. )] 
In cross j ts of stretcher courses = F4 x(( eff. course length - aggregate length of 
bricks & bats) x Av. brick ht. x av. wall thickness 
x(1- course type indicator))] 
In cross jts of header courses= F3 x [(( eff. course length -aggregate breadth of 
bricks & bats) x av. brick ht. x av. wall thickness 
x(1- course type indicator)] I 
5.6.2. Half Brick Thick Walls in Stretcher Bond 
Similarly, equations for half brick thick walls can also be developed using all three methods 
proposed. 
5.7 Mortar Volumes, and Volumes of Cement and Sand 
Whilst the three methods mentioned earlier provides a basis for computing mortar volumes, it 
is also necessary to develop a methodology for computing volumes of cement and sand used 
for preparation of mortar. Whilst international text books and documents provide data on such 
relationships (BS 8000: Part 3, p. 8; Geddes, 1985, p. 113) they do not suit local situations. As 
explained in 5.1 there are four main types of sand used locally (see Fig. 5.7) and no data are 
available locally either. 
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Fig. 5.7: Types of sand Used locally ( from top left to bottorn rioht: 
fine, very fine, coarse, medium) 
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Two approaches have been considered here for the purpose of establishing a relationship 
between dry volumes of cement and sand with mortar volumes, viz. by the 'Dry Factor' 
approach and the 'Compaction Factor' approach. In doing so, two characteristics of soils, 
namely porosity and bulking need to be examined. 
5.7.1 Porosity 
As found in nature, soil can be considered as an assemblage of solid particles interspersed with 
void or pore spaces which may or may not contain water (O'Flaherty, 2: 16 1). This concept of a 
soil is important to this study, as cement and water which is used with sand to make mortar, 
fill the voids in the sand. 
The extent of voids in a soil is expressed by terms such as 'porosity' & ý'void ratio. The 
porosity of a soil is defined as the ratio of the volume of the voids to the total volume of the 
soil whereas the void ratio of a soil is defined as the volume of voids to the volume of solids. 
The standard symbols used for porosity is 'n' and that for void ratio is V. It can be shown that 
&n =e/ (1+e)'. Both measures are widely used. Whilst it is easier to visualise the idea of 
porosity, the void ratio is easier for computation purposes. 
The porosity of sands can vary between 30 and 50 percent with the lower values being met in 
deposits formed in slow-flowing water, as on lake bottoms (Tschebotarioff, 1973,65). An 
insight into this variation is presented in Table 5.2. It is seen from this Table that porosity (i. e. 
the extent of voids) depends on the proportions of particle sizes in a soil mass (the particle size 
distribution) and its state (i. e. whether loose or dense). 
Table 5.2: Variation of porosity with type of sand 
Description Porosity (n) 
Uniform sand, loose ........................................................ 46 
Uniform sand, dense ....................................................... 34 
Mixed grained sand, loose .............................................. 40 
Mixed grained sand, dense .............................................. 30 
Source: Jackson, N., ed., Civil Engineering Materials, The McMillan Press Ltd, 1977, p. 264 
With lower values of porosity (i. e. around 30) for every three portions of sand, there is at least 
one portion of voids. As mixes used in the Sri Lanka are never stronger than 1: 5 the resulting 
volume is not likely to be greater than the dry volume of sand. 
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Therefore, a question that arise at this stage is whether, if the wet volume is not likely to 
increase, is it likely to remain the same ? In producing concretes with volumetric measures 
(such as a 1: 2: 4 mix), it is common practice to assume that the volume of mixed concrete is 
the same as the volume of coarse aggregate. But, whether this would be the case with cement 
sand mixes as well needs to be investigated. 
5.7.2 Bulking 
Another phenomenon of soil is bulking which arise as a result of hydroscopic water as 
explained in 3.13.1. Khanna (1986) gives a simple method of detem-lining the amount of 
bulking, which can be readily performed in the field. It is based on the principle explained 
above, whereby the bulking of sand fully disappears on full saturation; A parallel sided 
container is partly filled with the damp sand, levelled off and not pressed down, and its depth 
measured. The sand is then well mixed and stirred with plenty of water and allowed to settle. 
The volume occupied by the sand after settling is then roughly equal to that which would be 
occupied by the same weight of sand when dry. If 'D' is the depth of sand when damp and D1 
the depth after settling under water, then the percentage bulking =I (D -D 1)/D 1)x 100. Two 
similar tests are given in ICTAD's Specifications for Buildings Works (Vol 1: Appendix 4. Q. 
The free water in sands as delivered to construction sites is considered to range from 2 to 6 
percent by weight, but may reach around 8 per cent if the sand is extremely wet. Some 
guidance on the effect of such dampness is given by Khanna. For example, a moisture content 
of 2 to 5 percent is claimed to increase the dry volume of sand by 10-20 % or even 30% 
(Khanna, 8/129-130). Therefore, the reduction in volume mentioned earlier would depend on 
the extent of bulking as well. 
5.7.3 The Dry Factor 
The relationship between dry volumes and wet volumes can be expressed as follows: 
Dry Factor D[y volume 
Volume of mortar 
Three measures may be used for dry volumes. 
Option 1: Dry volume = Volume of sand 
Option 2: Dry volume = Volume of sand + cement 
Option 3: Dry volume = Volume of sand + cement + water 
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As the mix proportions used locally are always greater than 1: 5, cement and sand can be 
expected to fill the voids in sand without increasing the volume further. Hence, Option 2 was 
eliminated. Option 3 was better than Option 2. However, Option I was selected for further 
study due to the simplicity of its approach. Therefore, the relationship given above can be re- 
written as follows: 
Volume of sand = Dry Factor x, Volume of mortar 
Volume of cement = Volume of sand 
No. of portions of sand in mortar mix 
As mentioned in section 5.7, standard information pertaining to these factors cannot be used as 
they relate to stronger mixes and to different types of sand. 
5.7.4 The Compaction Factor 
The compression of a soil occurs mainly as a function of a decrease in the volume of voids. By 
comparison, the component compression produced by a decrease in the volume of the grains 
of the solid skeleton is quite negligible. Therefore, if the voids of a soil are entirely filled with 
water, measurable compression can occur only as a result of the escape of excess water from 
the voids. Gradual compression of a soil under such conditions, when induced by static forces 
of gravity, such as the weight of the soil itself or of structure erected upon it, is termed 
consolidation. It is not synonymous with Compaction, which is the artificial compression of a 
soil by mechanical means (Tschebotarioff, p. 83). 
Mortar when laid undergoes some compaction when bricks are placed upon it and due to other 
static and dynamic pressures. As a means of measuring this compaction and consolidation, a 
factor named as the compaction factor, can be constructed as explained below. 
A cylinder made from a PVC down pipe of 75 mm in diameter and 30 cm in height was used 
for this purpose. It was filled with sand, care being taken to see that no art fi i icial voids were 
created during the process of filling it. Thereafter, the contents were emptied and re-filled in 
three stages, with each stage being rodded 25 times using a rod with a cross section of 2.5 sq. 
cm. to achieve compaction. The compaction factor was computed by measuring the 
dimensions shown in Fig. 5.8 
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Voids 
Compacted 
sand 
h2 
!V 
CornpactionFactor= hl/h2 
Fig. 5.8: Measurements for computation of 
Compaction Factor 
Using this analogy, a relationship between volume of sand and volume mortar can be written 
as before: 
Volume of sand = Compaction Factor x Volume of mortar 
Volume of cement = Volume of cement 
No. of portions of sand in mortar mix 
As with the 'dry factor', the 'compaction factor', depends on a host of factors. 
5.8 A Qualitative Assessment of Methods for Computing Mortar Volumes 
A comparison of the main features of the methods developed are given in Table 5.3. As seen 
from this Table, the course based method (COB) is the best for taking account of all the 
different situations encountered in sites which will permit an accurate comparison of field 
volumes with theoretical volumes. However, for prediction purposes, either FUM or RUM 
appears to be simpler. 
hl 
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. 
Table 5.3 
A Comparison of Methods for Computing Mortar Volumes 
SPECIFICS: 
Ability to account for ... 
Full Wall 
Method (FUM) 
Representative Unit 
Method RUM) 
Course Based 
Method (COB) 
the use of brick bats Average Poor Good 
openings Good Good Good 
s different end constraints of wall Good Poor Good 
t 
joint fullness and compaction Poor Good Good 
IN GENERAL ... 
Ability to ... 
account for site conditions Average Average Good 
estimate mortar volumes 
accuratelv Average Average Good 
estimate volume of mortar in 
walls Average Good Cumbersome 
estimate volume of mortar in 
joints. Poor 
II 
Good Cumbersome 
II 
Interpretation aid: Poor - Method cannot take account of feature in column 1; Average - 
Possible with some modifications; Cumbersome - Method can account but 
process of doing so takes time. 
5.9 Summary 
This Chapter has presented the theoretical framework for the computation of joint sizes and 
the methods for computing mortar volurnes under different scenarios related to brick size, wall 
thickness, joint size and type of sand. In addition, it has presented methods for establishing a 
relationship between dry volumes of cement and sand with volume of mortar. 
The use of a fifth joint, a feature which characterise joints in single brick thick walls in Sri 
Lanka was explained in detail. Similarly, a 'third joint' used in half brick thick walls was also 
explained. These joints were commonly referred to as 'chapparu' joints, whilst the mortar 
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forming the joint was referred to as 'chapparu'. It was shown that this practice has been in use 
for centuries. 
A methodology for computing joint sizes using overall wall measures of a wall panel - such 
as its height, length and thickness was developed which eliminated the need to take physical 
measurements of joint sizes. Two different measures have also been adopted for computing 
average sizes of brick dimensions, i. e. using the 'bulk measures' and the 'unit measures'; The 
rationale for the inclusion of the latter type was also discussed. 
In addition, a methodology for quantifying the extent to which mortar fill joints was also 
developed. This methodology was incorporated into two of the three methods proposed for 
explaining the volume of mortar used in'field trials. viz. the 'representative unit method' 
(RUM) and the 'course based method' (COB). A skeletal outline of the development process 
including that of the 'full wall method' (FUM) was presented. A comparison of the main 
features of these three methods has also been given. 
Two factors, namely the 'Dry Factor' and the 'Compaction Factor' have been proposed for 
computing the dry volumes of cement and sand and vice-versa. 
These methods and relationships are used in Chapter 6,8 and 9. 
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MORTAR CONSUMPTION CHARACTERISTICS 
6.1 Introduction 
'rhe [)I-C'v'IOLIS Chapter laid the theOretlCýll fOLinclation for 11101IM' COIISLIIIII)tiOll SILIL11C. S. ThIS 
chapter presents tile PrOCedUre adopted in developing the methods for estimatint! Ill()rtýtr 
VOILH-nes and the impact of brick size, brickwork joints and wall xvidth on 11101-Ull' C011SLIIIIII(IOll 
characteristics. 
Fig. 6.1: Pi-eparation of i7noilar 
6.2 The Method Development Process - Evolving in Phases 
Bi-oadly, five phases can he identified, reflecting on the stages the StUdy Went thi-OLI(Th in [Ile C Z: ' 17, 
development and refinement of methods. The data collected are given in Appendix 6.1. 
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The first phase was characterised by the use of 'bulk dimensions' by arranging bricks 
contiguously similar to the procedure outlined in SLS39/ BS3921. The volumes of sand and 
cement were measured including the dimensions of the wall constructed. These initial studies 
were conducted on the assumption that volume of dry sand would be more or less the same as 
the volume of mortar; an assumption common in concrete work, where the volume of coarse 
aggregate is taken to be the same as the volume of concrete, with voids filled by cement and 
sand (i. e. the fine aggregate). Nevertheless, it was perceived that a 'site measure' of porosity 
would be of useful to compute theoretically the volume of mortar, if necessary; The 
4compaction factor' was considered as a possible indicator of it. The volumes so obtained 
were found to be significantly different to volumes measured in the field. 
The second phase of the study was marked by an attempt to seek reasons for the observed 
variances; Two reasons emerged. Firstly, the method adopted for computing the average size 
of a brick by measuring the total length of bricks when placed contiguously by the number of 
bricks could lead to a degree of error. Thus a decision was taken to measure the bricks 
separately. As the study progressed the number of bricks sampled was also increased so as to 
improve accuracy. Furthermore, the process of sampling bricks was changed, from an initial 
approach of selecting bricks from stacks to selecting bricks lying in the vicinity of the wall so 
as to minimise any differences between those in the stack and those used. Secondly, it was 
observed that brickwork joints do not get filled properly leading to voids in joints. It was 
argued therefore that if a methodology could be developed to take this into account, then it 
would be possible to reduce the variances further. This led to the establishment of the 'joint 
fullness factors' mentioned in Chapter 5. With these two approaches the variances reduced 
remarkably as explained later. 
The third phase of the study sought to refine the methods further for greater accuracy. As in 
the first phase, the second phase proceeded with only the volume of sand being measured, 
when it was conceived that, what should be compared with the method volume was, neither an 
estimate of the volume of mortar nor the volume of sand, but a direct measure of the volume 
of mortar used. This was not easy as it was not an activity carried out unlike measuring sand - 
which was necessary always. In an environment where 'activity-specific short-cuts' were 
adopted for preparing mortar such as the use of shovel measures and the like (see 3.13.3), 
introducing 'study specific' measures were difficult and entailed additional work for the 
labourers. Therefore, the decision to measure both the volume of sand and mortar or only one 
of them was made at the time of the study depending on the attitude of workers and site staff. 
It should be noted that taking accurate measurements of sand were not easy; The use of gauge 
boxes were rare. With pans being used frequently for measurement, the practice was to heap 
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the sand (as explained in 3.1.3.3). However, for the purpose of this study, the workers were 
requested not to heap but to fill it up to the brim only. 
Studies related to the relationship between the volume of mortar and the aggregate materials 
used for its preparation formed the fourth phase of the development process. As it was not 
possible to always measure both the volume of sand and the volume of mortar as explained 
earlier, additional sites had be selected to obtain data required for this phase of the study. 
The last and the fifth phase of the study was the attempt to simulate the effect of compaction 
as it was not possible to visually assess the degree of compaction mortar undergoes when laid. 
Once complete, these methods were validated through filed trials. Computations were done 
using Lotus 123 v. 3.4 (using macros) in Sri Lanka and Excel 5.0 in the UK. 
Thus, the process of development and refinement of methods went through different phases, 
each leading to the next, in order to improve the accuracy of the predicted methods. 
6.3. Site Survey 
6.3.1 Sampling 
The sites were selected based on the use of a 'non-probability, sampling method which used 
the 'judgmental sampling' technique, for reasons given in 1.4. In all 59 walls were studied at 
54 sites; These do not include additional sites which were visited during the fifth phase of the 
study mentioned earlier. 
6.3.2. Taking measurements 
Data collection was achieved by the use of a standard form which developed as the study 
progressed (see Appendix 5.1). Data so collected were used for other purposes as well, as for 
example for computing average thickness of walls used in industry and for studies on hourly 
output (see Appendix 6). The difficulties encountered in the measurement of the volumes of 
sand and mortar are already discussed in section 6.2. 
Brick sizes were measured using both bulk and unit measures, though in the case of the first 
15 sites only bulk measures were collected, using the guidelines given in BS 3921 /SLS 39. 
(See Appendix 6A. ) 
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The length & thickness of the wall panels were measured coursewise and/or on completion 
whilst measurements related to the height of wall panel was taken on completion. Any 
openings for scaffolding etc., the amount of brick bats used together with the size (i. e. whether 
half bat or one third bat etc. ) were also recorded coursewise. 
Random checks were also made to ascertain the validity of the formulae developed for 
calculation of joint sizes by physically measuring the joint sizes. Both the Representative Unit 
Method and the Course Based Method required values of 'Joint Fullness Factors'. These 
values were assessed on completion as an average for the wall studied. Bed joints and the 
chapparu joints were observed to be always full with mortar. Accordingly, they were assessed 
as 1.0. However, making such assessments were not easy under the following situations: 
i. when the joints were small (i. e. < 10 mm); 
ii when there was inconsistency in filling joints (i. e. as when it varies from course 
to course); 
iii. when bricklayers differed in the extent to which they filled joints (as for 
example when one fills the joint well and other doesn't); 
iv. when the individual rates of working of the bricklayers' differed (for example 
when one lags behind, in order to catch up with the other, joints are left unfilled 
or under filled. ); and 
V. when bricklayers varied the extent to which they fill joints during the course of 
the study (as for example, when they wanted achieve a target before breaks). 
6.4 Distortion of Bricks 
During the early stages of developing methods for computing mortar volumes, the size of the 
brick used for theoretical computations were based on average brick dimensions computed as 
laid down in SLS 39/BS 3921. (See 5.1 and 5.4.2). Theoretical calculations using such data 
showed significant deviations from measured mortar volumes as explained in 5.1. 
Investigating the reasons for these variances led to the discovery that the use of 'bulk 
dimensions' was one of the main reasons for this inaccuracy; To explain this further, it is 
necessary to highlight another characteristic of the local brick - i. e. its 'distortion' with respect 
to its size. 
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Distortions in bricks arise as a result of' the irre, 111-11arities in its shape such as warping, Surface Z71 
protrusions and the like. When such bricks are placed contiguously for obtaining average 
dimensions, measures would invariably include the effects of distortion. If, however, bricks 
are measured individually then the effects of such distortions could be rninimised. The 
distortion factors defined in 5.4.2 as the average of bulk dimensions to the average of unit 
dimensions, is an indicator of this distortion. It is observed from Table 6.1 that the largest is 
the 'volumewise distortion' factor followed by the heightwise, breadthwise and lengthwise 
factors. The variation of the volumewise distortion factor with respect to its volume is shown 
in Fig. 6.2. 
Table 6.1: 
Values of distortion factors 
Statistic Lengthwise Breadthwise Heightwise Volumewise 
Average 1.011 1.023 1.050 1.086 
Std. Dev. 0.009 0.011 0.024 0.032 
Range: Min 
Max 
1.001 
1.059 
1.074 
1.003 
1.010 
1.142 
1.026 
1.187 
Data in Appendix 6B. 
600 
1.20 
1.18 
1.16 
1.14 
1.12 
1.10 
1.08 
1.06 
1.04 
1.02 
Variation of Volumewise Distortion Factor 
700 800 900 1000 1100 1200 1300 
Volume of brick (cu. cm. ) 
Fig. 6.2: Variation of volurnewise distortion factor 
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6.4. t The Selection of Unit Dimensions for Use in Methods for Mortar Consumption 
The rationale for selecting the use of 'unit dimensions' over 'bulk dimensions' for computing 
mortar volumes should be clear from the above discussion; As mentioned earlier, the effect of 
bulk dimensions would be to artificially increase the volume of bricks and thereby reduce the 
volume of mortar so as to increase the variance between the measured and predicted; The 
results of five randomly selected sites are shown in Table 6.2 confirming this position. 
Table 6.2: 
A comparison of volume variances when using bulk and unit measurements on 
five randomly selected sites 
Variance of predicted mortar volumes as a percentage of 
measured mortar volumes ((predicted - measured)/measured) 
Type of Site Number 
Method Measurement 23 42 45 48 54 
RUM Bulk -11.938 -13.675 -15.346 -17.394 -24.171 
Unit -3.573 -6.850 -5.827 -4.879 -14.494 
COB Bulk -6.900 -13.465 -15.282 -17.047 -24.044 
Unit 0.670 -6.560 -5.743 -4.492 -14.041 
FUM Bulk -9.178 -11.572 -10.446 -14.800. -19.865 
Unit 0.0132 1 -4.680 -0.231 -0.999 -9.127 
6.4.2 The Use of Distortion Factors in Converting Bulk Measures to Unit Measures 
Data collected during the first phase of the study (i. e. from the first 15 sites) did not have data 
related to the unit dimensions of brick (as it was only developed after this initial study) whilst 
data from all other sites had both the bulk and unit dimensions. However, in order to make use 
of data already collected, it was considered useful to develop a methodology to convert 
existing bulk measures to unit measures. Therefore, the variation of the distortion factors 
were studied with respect to average unit dimensions. The graphs obtained are shown in 
Figures 6.3 - 6.5. 
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Analysis of' the plots in Fig. 6.3 and 6.4 does not show a relationship between brick 
dimensions and distortion factors. In contrast, the plot in Fig. 6.5 shows that the distortion 
factor reduces as the height of the brick increases. In view of this, data were stratified 
heightwise, to obtain three distortion factors for each dimension. Outliers were excluded from 
these calculations. The results are shown in Table 6.3. Bulk dimensions were deflated using 
these factors to arrive at unit dimensions. As a result of this approach, it was possible to use 
the data collected from the first 15 sites for other studies. (As for example in productivity 
studies). 
Table 6.3: 
Distortion factors for brick dimensions stratified heightwise 
Unit. Av. Ht.. (cm. ) DF-H DF-B DF-L DF-V 
2: ý 4.0 - <4.5 1.1153 1.0262 1.0103 1.15633 
2ý 4.5 - <5.0 1.0478 1.0240 1.0090 1.0825 
5.0 - <5.8 1.0369 1.0198 1.0093 1.06725 
4.0- <5.8 
Std. Dev. 
1.0509 
0.024 
1.0231 
0.001 
1.0096 
0.004 
1.08558 
0.032 
- 
Min; Max 1.010; 1.142 1 1.003; 1.074 1 1.000; 1.021 LI. 026; 1.1871 
Variation of Lengthwise Distortion Factor 
17.50 
1.07 
1.06 
1.05 
1.04 
1.03 
1.02 
1.01 
1.00 
0.99 
. -. 
18.00 18.50 19.00 19.50 20.00 20.50 
Av. unit length (cm) 
Fig. 6.3: Variation of Lengthwise Distortion Factor 
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Variation of Breadthwise Distortion Factor 
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Fig. 6.4: Variation of breadthwise distortion factor 
Variation of Heightwise Distortion Factor 
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Fig. 6.5: Variation of heightwise distortion factor 
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6.4.3 Its Practical Relevance 
From the above discussions, it should be noted that any attempts to predict the volume of 
mortar necessary to build a given wall must necessarily be based on 'unit averages' and not on 
'bulk averages' as laid down in the SLS or BS. Furthermore, the implications of the high 
variance of the heightwise distortion factor is that it may have an impact on the bed joint 
thickness and consequently the course height. (See Chapter 7. ) 
6.5 The Use of Brick Bats 
Reference was made to the use of brick bats in 3.12. Further information is provided in Table 
6.4 on usage characteristics with respect to all the walls studied with the information given 
herein being average values. (Data are given in Appendix 6H. ) 
Table 6.4: 
The percentage of brick bats used coursewise and sitewise 
Half bats 
M 
One third 
bats 
Quarter 
bats (%) 
All bats 
M 
No. of 
sites 
Sites not using bats at all - - - 3.8% 
Only in stretcher course 7.54 0.13 1.87 9.54 32.1% 
Only in header course 10.87 0 7.80 18.87 62.3% 
Sites with bats on both 
the stretcher & header 3.13 0.21 0.07 3.41 1.9% 
In both the stretcher and 
header courses 8.25 0.09 1.51 100.0% 
Note: Percentage of (half) bats in a s/c = No. of (half) bats in s/c + No. of full bricks in walls 
The results in this Table show that majority of sites studied use bats (i. e. 96.2%). It can also be 
seen that the number used as headers is double the number used as stretchers. These brick bats 
are used as headers or as stretchers and is not generally mixed. The number of sites using bats 
as headers are also almost double the number of sites using bats as stretchers. Therefore, these 
results suggest that the use of bats in header position is favoured. What is the reason for this? 
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When brick bats are used as headers in a wall, they are concealed within the wall unlike when 
used as stretchers. It is also customary to alternate the header bats with full bricks when doing 
so, perhaps due to a perceived considerations of strength though of little importance ý to this 
study; Nevertheless, the impact of using brick bats on the load carrying capacity of local walls 
has been found to be insignificant (Chandrakeerthi, 1987, p. 94). 
It is also seen from this Table that the total average percentage of bats used is 9.58%. When 
the number used is equated to full bricks, it amounts to 4.53% (i. e. 8.25/2 + 0.09/3+1.51/4). 
More bats mean more joints and consequently more mortar. However, as the number of brick 
bats used are not exorbitant (<10%), this may not have a significant impact on the volume of 
mortar. 
6.6 The Fullness of Brickwork Joints 
The results in Table 6.5 show the extent to which the five joints were filled with mortar with 
resPect to the study walls. 
Table 6.5: 
Joint fullness factors for study walls 
Joint type Average Std. Dev. Range 
Min. Max. 
Bed joint (F 1) 1 0 1 1 
Chapparu joint (F2) 0.998 0.013 0.9 1 
Wc. Cross joint (B) 0.842 0.156 0.15 1 
Slc. Cross joint (F4) 0.880 0.119 0.75 1 
_Wall 
Joint (F5) 1 0.476 0.332 0.15 1 
Abbreviations: Sk- Stretcher course; H/c - Header course 
It is seen that, of all the joints, the 'wall joint' was the least filled with considerable variations 
as evidenced by the high standard deviation with respect to its mean. Whilst the cross joints in 
both the header and the stretcher courses were seen to be filled more or less to the same extent, 
the chapparu, like the bed joint appears to be almost full all the time. 
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The effects of incomplete filling of brickwork joints have been investigated by the British 
Ceramic Research Association (BCRA) and by the Building Development Laboratories of 
Australia (Hendry, 1972). 'A total of thirty walls was tested by the BCRA with unfilled 
vertical joints .., Statistical examination of the results showed that there was no significant 
difference between corresponding sets of walls with joints filled and unfilled. The Australian 
tests confirmed that unfilled vertical joints had no significant effect on the strength of walls. 
There are also theoretical reasons for expecting that this would be the case although, of course, 
careless filling of vertical joints may be indicative of poor workmanship in other respects and 
may be unacceptable for other reasons than strength, for example, loss of sound insulation or 
possibility of rain penetration' (Hendry, 1972, p. 4). Although strength is not an issue in this 
study these conclusions nevertheless provide a sound foundation for exploring various 
scenarios with respect to the use of unfilled joints. The fact that brickwork in Sri Lanka is 
plastered on both sides (as explained in 1.1.2), the resistance against rain penetration must be 
certainly better than when unplastered, and should also be effective as a sound barrier. Thus, 
there appear to be opportunities to be explored. (See also Chapter 7. ) 
Clearly, results in Table 6.5 show that this characteristic of 'incomplete brickwork joints' must 
be of practical relevance when attempting to explain the variance of predicted mortar volumes 
with field values. In order to assess impacts such as incomplete joints, a reliable and accurate 
method to predict mortar volumes under different scenarios is necessary. The ensuing sections 
evaluates the suitability of the methods proposed earlier. 
6.7 Evaluating Methods for Computing Mortar Volumes 
6.7.1 A Comparison of Mortar Volumes: COB vs. RUM & FUM 
The three methods that were developed for computing mortar volumes were the Course Based 
Method (COB), the Representative Unit Method (RUM) and the Full Wall Method (FUM). Of 
these the COB was superior (theoretically) in representing closely the actual site conditions as 
explained in 5.8. 
Fig. 6.6 show that RUM volumes are generally lower than COB volumes. Similarly, Fig. 6.7 
show that FUM volumes are frequently greater than COB volumes. The descriptive statistics 
for these plots are given in Table 6.6. 
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Table 6.6: 
RUM & FUM volumes compared with COB volurnes (in cu. m. ) 
I (RUM, FUM )- COB) 
With RUM With FUM 
Average -0.750 5.172 
Std. Deviation 4.585 4.889 
Range: Min; Max 10.417; 15.975 -3.024; 20.391 
Note: No. ot'sites = 54ý No. of cases = 59; See Appendix 6D. 
As RUM volumes have a lower average and a lower std. dev., volumes calculated using RUM 
match closely the volumes of COB than volumes of FUM. Therefore, RUM volumes would 
be a better substitute for COB volumes than FUM volumes. 
The reasons for these differences can be theorised; as FUM volumes do not account for the 
degree of joint fullness, they can generally be expected to give larger mortar volumes even 
though it does not account for additional mortar used with brick bats. The difference between 
RUM and COB would be due to RUM's inability to reflect the impacts arising out of the use 
of brick bats and end conditions of walls. 
Variance of RUM Volumes with COB Volumes 
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Fig. 6.6: A comparison of RUM volumes with COB volumes 
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Variance of FUM Volumes with COB Volumes 
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Fig. 6.7: A comparison of FUM volumes with COB volumes 
6.7.2 A Comparison of Method Volumes with Field Volumes 
Whilst in the previous section method volumes were compared with others methods, this 
section presents the comparison of these volumes with field volumes. The variances are shown 
graphically in Fig. 6.8 whilst Table 6.7 show quantitative data. 
Tale 6.7: 
Variance of RUM, COB & FUM volumes with measured volumes of mortar 
Method RUM FUM COB 
Average -9.174 -8.290 -4.967 
Std. Deviation 4.600 4.699 4.175 
Range: Maximum 
Minimum 
3.163 
19.6124 
0.670 
18.113 
0.769 
14.926 
Data in Appendix 6D. 
The RUM volumes show the largest deviation from field volumes closely followed by the 
FUM volumes. In contrast, COB volumes are the closes to field volumes with the smallest 
standard deviation as well with implications on its preference over other methods. These 
results confirm the expectations of the COB method as presented in Table 5.3. 
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Model Volumes compared with Field Volumes 
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Fig. 6.8: Variance of method volumes with field volumes of mortar 
However, of the other two other methods, RUM is less accurate than FUM. This is rather 
dubious, as out of the three methods studied, the FUM is the weakest in accounting for actual 
site conditions. The following questions arise at this stage: 
Why is RUM inferior to FUM? 
Can the accuracy of these methods be improved further? 
A salient observation which can be made on the average variances shown in Fig. 6.8 is that 
90% of method volumes are less than field volumes (i. e. 18 times over the 20 cases shown). In 
other words, field volumes are generally greater than method volumes. Why is this so? 
To answer this question it is necessary to examine the 'condition' of the mortar before and 
after use; When mortar is spread on courses and worked into joints, the 'loose state' 
transforms into a 'compact-state'; This would certainly be the case with bed mortar, as it gets 
compacted by the dynamic pressures arising out of the process of laying bricks; and static 
pressures that develop gradually due to the weight of the overlying bricks. Therefore, in order 
to compare the volumes of mortar in the two states, i. e. the state after mixing (i. e. before use) 
DRep. Unit Method Volume (RUM) Ei Direct Method Volume (FUM) m Course Based Method Volume (COB) 
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and the state after use, it is necessary to develop a methodology to relate 'loose-state' mortar 
to a 'compact state' mortar or vice-versa. If this was possible, then the accuracy of the 
predictions can be increased further. The ensuing sections (i. e. 6.7.3 and 6.7.4) discuss the 
approaches adopted in this regard. 
6.7.3 The Use of the Compaction Factor for Simulating Compaction 
It is not possible to resort to visual methods to assess the degree of compaction of mortar 
unlike when assessing the degree of joint fullness. However, this problem can be overcome by 
the use of the Compaction Factor (COF) which provides an assessment of the maximum 
compaction that is possible with respect to the type of sand used. Therefore, the approach 
adopted was to 'simulate' the effect of different degrees of compaction as explained in 6.6.4. 
When characteristics of COF was probed it revealed that it varied significant with respect to 
the type of sand as shown in Table 6.8. It is further seen that this factor increases as the sand 
becomes finer. 
Table 6.8: 
Variation of compaction factor (COF) with type of sand 
Overall Type of Sand 
Coarse Medium Fine 
Average 0.246 0.214 0.247 0.303 
Std. Dev. 0.047 0.027 0.039 0.044 
Min 0.164 0.164 0.197 0.223 
Max 0.350 0.241 0.350 0.350 
No. of sites 42 15 19 8 
Data in Appendix 61. 
6.7.4 Simulating Compaction 
6.7.4.1 On COB & RUM Volumes 
To compare the 'loose-state' (or 'mixed state') mortar with that of 'compact-state' (or 'in- 
place') mortar, the methodology adopted was to inflate the latter by a factor expressed as a 
function of COF as shown below: 
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Factor for inflating volurne of compact mortar to loose state factor =I+ DOC/(l-COF) 
where, DOC is the 'degree of compaction'. 
The volurne of mortar in joints, was calculated by multiplying the volume of the joint by the 
respective 'joint fullness factor'(JF). The 'in-place' volume so obtained can now be multiplied 
by the 'inflating factor' expressed above to arrive at the 'loose-state' volume. This process can 
be formulated into an equation as follows, by a combined factor referred to as the 'Joint 
fullness and compaction factor' (JFC): 
JFC = Joint Fullness Factor x[1+f DOC/(I -COF)) ] 
Of the five types of joints, the joint most likely to undergo compaction is the bed joint, which 
incidentally is the joint which contains the largest volume of mortar (shown later). The 
procedure adopted was to compute RUM and COB volumes over again, using five DOC 
factors of 5%, 10%, 15%, 20% and 25%. As before, the volume of mortar predicted by these 
methods were compared with field volumes. The results of this exercise are shown below: 
Table 6.9: 
Variance of 'method' volumes with varying degrees of bed mortar compaction 
DOC (%) 0 5 10 15 20 25 
_ J F( = FI ) I I I I I I 
_ --- Jt. Fullness & 
Compaction Factor 
1 1+ 0.5 
I- COF 
1+ 0.1 
I- COF 
1+ 0.15 
I- COF 
1+0.2 
I -COF 
1+ 0.25 
I- COF 
Method RUM RUM RUM RUM RUM RUM 
Average(%) -9.37 -5.37 -1.38 _2.62 
6.62 10.62 
_ Std. Dev(%) 4.60 4.74 4.91 5.10 5.31 5.55 
_ Range(%) Max 
Mill 
-3.16 
-19.61 
1.07 
-15.05 
5.65 
-11-71 
_ 10.25 
-8.48 
14.86 
-5.24 
19.47 
-2.01 
Method, O, COB COB COB COB COB COB 
Average(%) 
_ 
-8.56 -4.57 -0.57 3.43 7.42 11.42 
_ Std. Dev(%) 
- 
4.70 4.86 5.06 5.27 5.50 5.76 
_ RangeM Max 
Mill 
0.67 
-11S. 1 1 
5.28 
-13.56 
9.89 
-9.2o 
14.50 
-6.02 
19.11 
-2.79 
23.72 
0.45 
DOC (%) 10 5 10 15 20 25 
Note: All sites have bccii taken into computations. Hence the maiginal difference in values related to zero DOC. 
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The values in Table 6.9 show that as the degree of compaction increases from 5% to 25%, 
both the average variance and the std. dev. decreases (from being negative to zero) and 
continues to increase positively thereafter; The value of DOC which gives a zero average 
variance for COB volume was interpolated be equal to 10.456%. The corresponding figure for 
RUM volume was 11.725%. These are values are explainable. 
Both the RUM & COB methods give access to the concept of compaction easily. With these 
values of DOC (summarised in Table 6.11), it should be possible to predict mortar volumes 
more accurately. 
6.7.4.2 On FUM Volumes 
Unlike the two methods discussed hitherto, the FUM does not lend itself to either the concept 
of joint-wise mortar compaction or to the concept of the degree of joint fullness. Therefore, in 
order to improve its accuracy, two approaches were considered. In the first, an overall factor 
was computed for each site which gave a zero variance. Thereafter these factors were averaged 
which gave a multiplying factor of 1.0564. The standard deviation of the variance was found 
to be 4.4 1% with a range of - 10.128 % to 6.453 %. 
In the second approach, an attempt was made to extend the concept of compaction to the bed 
mortar by modifying the FUM method further. The procedure adopted was to use a formula to 
approximately estimate the volume of bed mortar as a percentage of the total volume of mortar 
as shown below: 
Approx. % of mortar in bed joint (MOBJ) = (L x B) /[ LxB + 0.5xLxB + BxH 
where, L, B&H refers to length, breadth and height of a brick. 
It can be shown that the values obtained by this formula matches well with actual percentages. 
Thereafter, the bed mortar volume was adjusted by the use of the 'joint fullness and 
compaction' (JFQ factor given in 6.7.4. L The modified FUM volume can now be written as 
follows: 
Modified FUM = Adjusted volume of bed mortar + 
Unadjusted volume of mortar in other joints 
= FUM vol. x MOBJ x[ 1+DOC/(I-COF))+ FUM vol. x (I-MOBJ) 
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As before, FUM volumes were computed for all the sites simulating with different degrees of 
compaction (DOC). The value of the factor which gave an average zero variance was 
interpolated to be 6.525%. (For other details see Table 6.11) 
Both the approaches may be used for computing mortar volumes, whilst the first approach 
with the overall factor would be much simpler, though theoretically inferior to the latter. 
6.7.5 Validating Methods 
in order to validate the methods developed three sites were selected with different 
characteristics. Site I used smaller bricks (belonging to Group 4), while Site 2 and 3 used 
larger bricks (belonging to Group 3). Bricks in these groups are the ones that are used 
frequently when compared with Group 2 standard size bricks. 
The thickness of the three walls and the degree of joint fullness in the walls built also varied. 
Whilst, the thickness of bed mortar used in Site I was closer to the standard joint size of 10 
mm, the bed joints in other sites were larger with the size in Site 2 being 16.89 mm and Site 3 
being 19.22 mm. No two other joints were of equal size and varied widely. 
A comparison of the predicted mortar volumes and volumes of mortar measured in the field 
are given in Table 6.10. For predicting mortar volumes, formulae given in section 5.5 and 
Table 6.11 have been used. An examination of the variances show that the variance of the 
FUM method, the weakest of all in its ability to simulate site conditions, lies between -4% to 
7% whereas the variance when using COB method lies between -6% and +4%; The reasons 
for the slightly larger variance in Site 1 with the COB method is perhaps due to the difficulty 
encountered in assessing the joint fullness factors arising out of some of the factors mentioned 
in 6.3.2.. It can also be seen that the variance of RUM method lies between - 4% to +5%. As 
the variances of both the COB and the RUM methods are less than 6% it may be concluded 
that both these methods could be used for predicting mortar volumes accurately. 
6.8 Estimating Mortar Volumes - 
The qualitative features of the different methods were discussed in Chapter 5 with a summary 
in Table 5.3. Their quantitative features are surnmarised in Table 6.11. 
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Table 6.10 
Results of validation studies for mortar consumption methods 
Site 1 2 
_3 Type of Project Office 
_ 
Apartments Hospital 
Contractor Sanken Lanka 
(Pvt) Ltd 
Tudawe Brothers 
(Pvt) Ltd 
Lanka Forinwork 
Builders 
Wall panel indicators: 
Av. length of courses (m) 3.479 1.766 3.930 
Av. height of wall (m) 0.624 0.687 0.888 
Av. wall thickness (cm) 17.85 19.60 19.89 
Bricks: 
Av. unit length (cm) 17.85 19.60 19.89 
Av. unit breadth (cm) 9.24 9.55 9.69 
Av. unit height (cm) 4.54 5.18 _4.91 
Type of sand: Medium Medium Medium 
COF 1 0.2805 1 0.2640 1 0.2640 
Joint fullness factors: (as assessed) 
Fl - Bed joint 1.00 1.00 1.00 
F2 - Chapparu 1.00 1.00 1.00 
F3 - Wc cross 0.80 0.70 0.60 
R- S/c cross 1 
0.80 
1 
0.80 
1 0.70 
F5 -Wall j int 
1 0.85 1 0.65 1 0.80 
Joint sizes: 
Bed joint (mm) 11.30 16.89 19.22 
Chapparu j int (mm) 20.80 7.50 14.10 
Wc cross joint (mm) 13.98 14.15 17.28 
Sk cross joint (mm) 10.36 13.11 13.64 
Wall joint (mm) 14.53 12.53 19.29 
Mortar volumes (in cu. m. ): 
Course Based Method -COB 0.1477 0.0890 0.3059 
Representative Unit Method - RUM 0.1506 0.0899 0.3099 
Full Wall Method - FUM 0.1506 0.0917 0.316 
Measured volume of mortar (cu. m. ) 1 0.1563 1 0.0858 1 0.3060 
Variances: 
COB -5.50% +3.73% -0.03% 
RUM -3.65% +4.78% +1.28% 
FUM -3.65% +6.88% +3.27% 
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All three methods may be used for estimating mortar volumes as their accuracy in the 
developed state is similar, as shown in Table 6.11 (although their capabilities are different as 
shown in Table 5.3). The COB and RUM methods are superior to FUM with the facility of 
performing 'what-if' calculations as they include the variables such as joint size, wall 
thickness, degree of joint fullness in the formulae used for prediction. Of the two methods, 
COB and RUM, the latter is more "user-friendly" although not as capable as the COB in 
simulating actual site conditions. 
Table 6.11 
Quantitative, ready-to-use features of RUM, COB & FUM methods 
(at zero variance) 
of Fktors Applic-itibri, Standard 
varianqe Qr zero Deviation 
Method On Joint Fullness On Range: 
Factor for Bed Overall Minimum 
Joint (FI) Volume Maximum 
RUM 1+ 0.11725 4.94% -10.6% 
1- COF 7.24% 
COB 1+ 0.10455 5.08% -8.965% 
1- COF 10.31% 
FUM -tO. 13% 
Overall ap r. - 1.0564 4.41% 6.45% 
FUM 1+ 0.0625 - 4.43% -10.26% 
COF appr. 1- COF 6.49% 
6.9 The Estimation of Dry Volumes of Cement and Sand 
The methods discussed provide an accurate basis for estimating mortar volumes, however, it is 
also necessary to develop a method to estimate the dry volumes of cement and sand which are 
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used for making mortar. A study was made of the possibility of using the 'dry factor' 
explained in 5.7.3. Accordingly, the volume of sand required can be expressed as follows: 
Volume of sand = Dry Factor x Measured volume of mortar 
Once the volume of sand is known, the volume (or weight) of cement can be computed by 
using mix proportions. 
The Dry Factor has an average of 1.067 with a high standard deviation and a high range. (See 
Table 6.12). What this means is that the volume of sand necessary to prepare a cu. m. of mortar 
can be as small as 0.92 cu. m. or as high as 1.2 cu. m., which is a wide variation! However, this 
variation reduces significantly (i. e. almost by half) when its values are stratified based on sand 
type, but without a commensurate reduction in the standard deviation. These variations are to 
be expected as sand is identified by visual means. For example, the differences arising out of 
the particle size distributions within a particular type of sand, could very well lead to such 
variations. Nevertheless, the process of identifying sand by visual means needs to be retained 
as sand is ordered to sites by reference to such a classification. These values would also be 
useful in identifying lower and upper bounds for studies connected with costs. 
Table 6.12: 
Relationship between the Dry Factor and the Type of Sand 
lix proportions of cement to sand either 1: 5 or greater) 
Type of sand 
Overall Fine Medium Coarse 
Average 1.067 1.119 1.061 0.999 
Std. Dev. 0.063 0.060 0.048 0.060 
Range: 
Minimum 
Maximum 
0.283 
0.917 
1.200 
0.147 
1.053 
1.200 
0.161 
1.000 
1.161 
0.160 
0.917 
1.077 
27 7 13 7 
Data in Appendix 6F. 
A general observation that can be made from the results in Table 6.12 is that sand when mixed 
with cement undergoes a reduction in volume except when coarse sands are used. Therefore, it 
is advantageous to use coarse sand as a larger wall area can be built than when using fine or 
medium sand. However, medium sands are frequently used for brickwork in Sri Lanka. 
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6.10 Apportioning Mortar Volume to Brickwork Joints 
6.10.1 Study Walls 
Having presented methodologies for computing mortar volumes, they are used to study the 
proportion of mortar in brickwork joints. Fig. 6.9 shows the average proportion of mortar in 
the five brickwork joints (described in 5.2.1) with respect to study walls (i. e. 59 walls in 54 
sites) using the COB method for computations. Clearly, the bed joint accounts for a major 
portion of mortar used in brickwork and is almost treble when compared with the volume 
of mortar in other joints (for further details see Table 6.13). 
Proportion of Mortar in Brickwork Joints 
Study Walls 
Bed mortar joint 
74% 
Fig. 6.9: Proportion of mortar in brickwork joints for study walls 
(Av. Brick size: 191 x 93.7 x 49.2; BMT=17.1 I; TH=14.67; TS=20.87) 
175 
Ch. 6- Mortar Consumption Characteristics 
6.10.2 Walls with Standard Size Bricks 
This exercise was extended to situations involving the use of format size bricks shown in 
Table 6.13. Mortar volumes were computed by using the RUM method by assuming a joint 
size of 10 mm, 'medium' type sand, a joint fullness & compaction factor of 1 (i. e. completely 
filled with mortar) except for the bed joint; The factor for the bed joint was computed by using 
the appropriate COF factor for medium type sand (from Table 6.8) and factors given in Table 
6.11. The results are tabulated below. 
Table 6.13 
The proportions of mortar in brickwork joints in walls using standard bricks sizes 
With bricks BS SLS Modular BS Modular 
used in this Bricks Bricks Brick 
study 
215 x 220 x 190 x 215 x 190 x 
Brickwork Joint 102.5 x 105 x 90 x 102.5 x 90 x 
65 65 65 65 65 
DATA: Chapparu 12.50 0.00 0.00 0.00 0.00 0.00 
TH (inin) 14,67 10.00 10.00 1 0ý00 20.00 20.00 
TS (min) 20.87 10.00 10.00 10.00 20.00 20.00 
WJ (mm) 16.08 10.00 10.00 10.00 10.00 10.00 
Joint Fullness Table 6.6 1.0 H) 1.0 1'0 1.0 
WT (inin) 203.5 215.00 220.00 190.00 215.00 190.00 
BED JOINT 72.87% 66.67% 67.15% 64.00% 54.41% 51.61% 
CHAPPARU 5.32% - - - - - 
H/C CROSS 10.27% 16.67% 16.42% 18.00% 26.05% 27.65% 
S/C CROSS 8.24% 8.33 % 8.21% 9.00% 13.03% 13.83% 
S/C WALL 3.30% 8.33 % 8.21% 9.00% 6.51% 6.91% 
Note: All sizes are in millimetres; Abbreviations: WT - Wall thickness; WJ - Wall joint 
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The Table shows that proportion of mortar in the bed joint is the largest irrespective of the 
type of brick used and accounts for more than two thirds of the total volume of mortar when 
the joint size is 10 mm. The dominance of the bed joint remains much the same even when the 
stretcher/header course cross joint are increased to 20 mm (see last 2 columns). Although the 
proportion is less than 2/3rds, it can be shown that if the degree of joint fullness of perpend 
joints with respect to 'BS' and 'Modular' walls are reduced to 0.6 and . 53 respectively, then 
the proportion of mortar in the bed joint can be increased to 2/3rds. 
The variation of the proportion of bed mortar with bed mortar thickness is shown in Fig. 6.10. 
A joint thickness of 10 mm and a joint fullness factor of I have been assumed. The RUM 
method has been used for computations. 
Proportion of Bed Mortar with respect to other 
Brickwork Joints 
95 
90 
85 
80 
75 
70 
65 
60 
10 15 20 25 30 35 
Bed Mortar Thickness (m m); TH--TS=l 0mm 
Fig. 6.10: The proportion of bed mortar as a percentage of 
the total volume of mortar 
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An observation which can be made from this plot is that when format size bricks are used with 
a bed mortar thickness of 20 mm. (approximately 3/4"), the proportion of mortar in the bed 
joint is greater than 75%. In practice this will be higher as perpend joints would be under 
filled. As the bed joint increases further (up to about 30 mm) it approaches 85%, whilst for 
study bricks it approaches 90%. 1 
Therefore, it may be concluded that it is the bed joint which accounts for the largest portion of 
mortar; with a 10 mm bed joint it approximates to 2/3rds of the total volume. This proportion 
increases to around 75% when the bed mortar thickness is 20 mm. and to around 85% when the 
joint size is 30 mm. Therefore, with standard size bricks and standard size joints (i. e. 
hereinafter referred to as small joints), the impact of under filled cross/perpend joints would " 
be 
marginal. If, however, perpend joints are increased to about 20 mm (hereinafter referred to as 
large joints), the impact of under filled joints would be significant; to increase the proportion 
from about 50% to 67% (i. e. 2/3rds) the degree of joint fullness has to be reduced to around 
0.5-0.6. 
6.10.3 Wall with Irregular Size Bricks 
This section studies the variation of the bed mortar proportion with respect to size of brick and 
the size of joints. Four brick sizes with the same height are considered for analysis: 
Brick 1: 160 x 75 x 50 mm; Brick3: 2lOxlOOx5O 
Brick 2: 190 x 90 x 50 mm; Brick4: 220xllOx5O 
Brick I is slightly smaller than the smallest brick size shown in Fig, 3.1 (i. e. Oroup 4 brick) 
whilst Brick 4 is smaller than the SLS brick in height (whilst other being the same). The 
thickness of the wall considered herein are those that match the brick size (see Chapter 7). 
Results in Table 6.14 show that irrespective of the size of the brick (with walls to suit brick 
sizes) the bed joint accounts for the largest portion of mortar. It is more often than not greater 
than half the total volume of mortar. (See Bkl; BMT=10, TH=TS=30 which is the only one 
<50% in Table 6.14). 
The values given in this Table are also useful to develop a strategy (as shown in Fig. 6.11) for 
either increasing or decreasing the proportion of mortar (or conversely to develop a strategy 
for increasing or decreasing the proportion of mortar in other joints). 
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Table 6.14: 
Proportion ol'bed mortar as a percentage of total volurne of mortar 
with different sizes of bed mortar 
BMT 10 20 30 inm 
TH 
(min) 10 20 30 10 20 30 10 20 30 WT 
TS 
(MM) 
10 20 30 10 20 30 10 20 30 (MM) 
Bk 1 66.3 54.3 46.8 79.7 70.4 63.7 85.5 78.1 72.5 160 
Bk2 69.8 58.1 50.4 72.5 66.0 6 1.0 ý 
87.4 80.6 75.3 190 
Bk 3 71.8 60.3 52.6 83.6 75.2 68.9 88.4 82.0 76.9 210 
Bk4 73.0 61.3 53.6 84.2 76.0 69.8 88.9 82.6 77.6 220 
Range 66-73 54-62 46-54 79-85 70-76 63-70 85-89 
. 
78-83 72-78 
Overall 
range j 46-73 63-85 72-89 
Note: Shaded cells are those that have values overlapping with the next overall range. 
Strategy Map for Bed Mortar Proportion 
with walls to match brick size (See Chapter 7 for further details) 
Small bricks 
Large bricks 
Low proportion of mortar in 
bed joint/ 
High proportion of 
mortar in other joints 
High proportion of 
mortar in 
bed joint 
Small cross joints Large cross joints 
Fig. 6.11: A strategy map for proportion of mortar in bed joint 
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6.11 Apportioning Mortar Volume to Wall 
The focus of this section is on the distribution of mortar in walls having examined the 
situation with respect to brickwork joints. As before, the RUM method was used for 
computation of volumes. The results are tabulated in Table 6.15. 
It shows that for cu. m. of wall using BS/SLS bricks, the 'volume of mortar' required is around 
0.23 cu. m. This mortar accounts only for a small proportion of the total volume ofa wall (i. e. 
about 23%). However, the situation with respect to local walls was found to be much different. 
With an average percentage of 4 1.1 % (i. e. 0.411 cu. m. of mortar per cu. m. of wall), it is 1.78 
times the ratio for walls with BS/SLS bricks. The reason for this is the large joints used in 
local brickwork. (See Table 6.13. ) 
Table 6.15 
Indicators of mortar consumption characteristics of walls 
Study With With With INDICATOR 
Walls BS SLS Mod. IIS = I()()) 
215x 220x 190 x 
Characteristic Av. Std. 102.5 x 105x 90 x 
Dev. 65 65 65 
No. of'bricks 
/sq. m. 141 17 119 116 133 119 
Vol. of mortar 
/sq. m. (cu. m. ) 0.084 0.015 0.050 0.050 0.046 168 
No. of bricks 
/CLI. 111. 704 12ý 551 527 7 02) 
Vol. of mortar 
/CUAn. (CLI. M. ) 0.411 0.063 0.231 0.229 0.241 178 
Vol. of mortar/ 
VoLof briek(%) 73.26 15.33 29.27 28.99 30,86 250 
Wall width (cm) 20.35 1.53 21.50 22.00 19.00 95 
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Another way of examining the mortar consumption in walls is to examine the ratio of 'volume 
of mortar to volume of bricks'; Whilst it is around 29% for walls with BS/SLS bricks, the 
average for study walls was 73.26%, which is almost 2.5 times that with BS/SLS bricks; In 
view of this unusually high consumption of mortar, it may be argued that the term 'brickwork' 
is a misnomer. Perhaps, such brickwork should be referred to as 'mortar brickwork' or 'mortar 
work' as indicated in Table 6.16. 
Table 6.16: 
Classification of 'brick-work' based on 
the ratio of 'vol. of mortar to vol. of bricks' 
Category 01 - Brickwork 02- Brick-M-work 03 -Mortar Brickwork 
Ratio 
Vol. of mortar to 
vol. of bricks ratio 33.33 % 33.33% -100 % 100% 
Vol. of mortar to 
vol. of wall 25% 25%-50% 50% 
Vol. of bricks to 
vol. of mortar 3.0 3.0-1.0 1.0 
6.12 The Variation of Volume of Bricks/Mortar Ratio 
Having categorised, brickwork as shown in Table 6.16, it is useful to examine the variation of 
this ratio with respect to brick size and bed mortar thickness. 
Three cases are considered herein as shown in Table 6.17. Mortar volumes have been 
computed by the use of the RUM method with respect to medium type sand. Case I and 2 
refer to a wall thickness of 220 mm, whilst Case 3 refers to a reduced size of 200 mm (based 
on observations from Chapter 4). The sizes of cross joints used in Case I are 'standard' 
values; and in Cases 2 and 3, they are the averages of study walls (see Table 3.4) 
It is seen that the ratio under study is very sensitive to small variations in the thickness of the 
bed joint at small values. Its sensitivity increases remarkably as the size of the brick increases. 
(See Fig. 6.12. ) In addition, it is also sensitive to small variations in cross joints at low values 
of bed joint. 
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Therefore, the implications are that when bricks are laid with small joints (i. e. approximately < 
15 mm) greater care needs to be taken to control the 'bricks to mortar' ratio; In other words, 
high workmanship, smaller tolerances of bricks are pre-requisites for using smaller joint sizes 
if this ratio is to be maintained. (Chapter. 9 discusses the importance of maintaining ratio). 
Table 6.17: 
The variation of 'volume of bricks to volume of mortar' ratio with bed mortar thickness 
Case I Case 2 Case 3 
WT=220; TH=10; TS=10 WT=220; TH=14.67; TS=20.87 WT=200; TH=14.67; TS=20.87 
BMT 
(mm) 
SLS BS Lo/Sm 
1 
SLS BS Lo/Sm SLS BS Lo/Sm 
05 11.88 8.95 2.91 1 4.07 3.59 1.81 2.41 
10 5.79 4.94 2.06 2.88 2.61 1.39 1.77 
15 3.83 3.41 1.59 2.23 2.05 1.13 1.40 
17.11 3.35 3.02 1.45 2.03 1.88 1.05 1.28 
20 2.86 2.60 1.30 1 1.81 1.69 0.95 1.1 
1 25 1 2.28 2.11 
d 
1.09 1.53 1.43 0.82 
- - 
0.98 
- F-30 1 1.90 1 77 0.95 1-32 1 1-12- - -- - 
I 
- Ot6 
BMT - Bed mortar thickness; WT - Wall thickness; TH, TS - Header course/Stretcher course joint sizes; SLS - Sri 
Lanka Standard brick; BS - British Standard brick; Lo/Sm- Local small brick: 180 x90 x 47.5 mm 
Case 3 refers to a wall thickness of 200 mm -a reduction of about 9% from the 220 mm. thick 
walls of Cases I and 2. As the wall thickness is reduced, the ratio of 'bricks to mortar, 
increases as shown in Table 6.18. The reason for this is the reduction of the size of the 
chapparu joint with the reduction of wall thickness. 
Table 6.18: 
Increase in the volume of bricks to volume of mortar' ratio with 
a reduction in wall thickness from 220 to 200 mm 
BMT (mm) 5 10 15 17.11 20 25 30 
Increase ( %) 33.2 27.4 23.9 21.9 21.1 19.5 19.4 
As before, it is seen that the ratio is more sensitive to changes in wall thickness at low values 
of bed joint sizes. 
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The foregoing discussion is useful to develop a strategy for making decisions regarding an Z7, 
appropriate 'brick- to mortar' ratio to be adopted in a given situation. Fig. 6.13 illustrates this 
in the form ot'a inap. 
'Bricks to Mortar' Ratio 
Strategy Map Z7, 
Small bricks 
Large bricks 
6.13 Summary 
Low 
Sensitivity 
High 
Sensitivity 
Small joints Large joints 
Fig. 6.13: A strategy map for 
'volume of bricks to volume of mortar' ratio 
(a) The accuracy of the COB and FUM methods were improved significantly: 
i. by the use of unit dimensions instead of bulk dimensions; 
ii. by accounting for the degree of fullness of mortar joints; and 
iii. by simulating the impact of compaction of mortar. 
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(b) All three methods may be used for estimating mortar volumes as the accuracy is 
acceptable. The COB and RUM Methods are superior to the FUM in that they can 
simulate site conditions more closely. The RUM method is superior to COB as it 
enables 'what-if' calculations to be performed with ease with respect to variables such 
as brick size, wall thickness, joint size and their fullness; Furthermore, RUM is also 
user-friendly though not as good as the COB when simulating actual site conditions. 
(c) When computing mortar volumes at the field level, the average dimensions of bricks 
must necessarily be computed from 'unit dimensions' and not 'bulk dimensions' (as 
specified in BS3921 or SLS39). 
(d) Of the three distortion factors relating to dimensions, the heightwise factor was the 
largest also with the largest standard deviation with implications on the size of the bed 
joint and consequently on the course height which can be adopted at sites. 
(e) Assessing the degree to which brickwork joints are filled is not difficult except in 
certain situations as described in 6.3.2. 
(0 
(g) 
There appears to be opportunities for building walls with unfilled/underfilled 
brickwork joints in view of the fact that brickwork is plastered on both sides; Research 
has also shown that unfilled vertical joints have no significant effect on the strength of 
walls although it may impair on other functional aspects such as rain penetration and 
loss of sound insulation. Although strength is not an issue in this study, it nevertheless 
provides a sound foundation for exploring various scenarios; The ill-effects mentioned 
would not be of significance as the walls are usually plastered on both sides. 
Brick bats are used extensively, often as headers, and may be used as a means of 
minimising wastage; research has shown that the use of brick bats have no effect on 
the strength of a wall. More bats means more joints and consequently more mortar. As 
the number used are not exorbitant (<10%), it is not perceived that this may have a 
significant impact on the volume of mortar though its impact on costs may be of 
significance. 
(h) The Dry Factor may be used for assessing the volume of sand required to prepare 
mortar (or vice-versa) depending on the type of sand used. In order to build a larger 
areas of wall, coarse sand may be used over medium, and medium sand may be used 
over fine sands. 
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Of all the brickwork joints, the mortar in the bed joint accounts for the largest portion. 
This conclusion is valid for walls built to suit brick sizes within a wide range of sizes 
of bricks and joints as given in 6.9.3; Often than not, the proportion of bed mortar is 
greater than 50%. 1 
(j) To guide decisions on the proportion of bed mortar in brickwork, a strategy map has 
been presented with respect to the selection of an appropriate brick size and/or bed 
joint size. 
(k) As before, to guide decisions on volume of 'Bricks to Mortar', a strategy map has 
been presented with respect to the selection of an appropriate brick size and/or a joint 
size . 
In view of the significance of the bed joint as identified in this chapter, the next chapter 
focuses on issues related with it. 
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CHAPTER SEVEN 
INTERIM STRATEGIES FOR COPING WITH CHAOS: 
The Bed Joint, the Wall Width, and the Brick Size 
7.1 Introduction 
This study embarked on finding strategies for coping with the chaos in the joint sizes, wall 
widths and brick sizes. Investigations as part of this study revealed that the problem at hand 
was complex, with links to manufacturing and design, and displaying many chaotic issues as 
outlined in Chapter 3. The practices adopted by industry to deal with some of these disorders 
were presented in Chapter 4 through case studies. A wide variety of practices were identified, 
some more useful than others. Chapter 5 presented a theoretical framework for assessing the 
impact of the study variables on mortar consumption. Further issues of a chaotic nature were 
discovered, viz., unfilled brickwork joints, and distortions in the brick dimensions. And, in 
Chapter 6, the procedure adopted for operationalising the theoretical framework was discussed 
culminating in the development and subsequent validation of three 'methods'. Of these, the 
RUM method was considered to offer the greatest practical value. The impact of the variations 
in the brick size, the wall width and the joint size, on mortar consumption were studied. 
Related characteristics were identified with the bed joint emerging as the most important joint 
in brickwork, especially with respect to mortar consumption. 
This chapter pursues further, the search for strategies for coping with the chaos in the study 
variables, by drawing upon the lessons leamt, discoveries made, and conclusions arrived at. 
7.2 Characteristics of Study Walls 
The 'wall' must necessarily take centre place in this study as it is the 'product' which is being 
discussed; the use of bricks, cement and sand in brickwork is to achieve this end. Thus, it is 
useful to first examine the variation of one of its major parameters, i. e. its width. 
7.2.1 Sizes of Wall Widths 
Analysis of data collected from 59 building construction sites in and around Colombo with 
respect to the mortar consumption studies showed that the average width of walls was 203.5 
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min. It had a standard deviation of' 15.3 mrn with a wide range of 179.4 - 235 min. The 
frequency distribution which is positively skewed, is shown in Fig. 7.1, with a mode range of- 
19-20 cm, slightly less than the average. It Is clear that whilst some walls were thicker than 
standard size walls (215 with BS bricks and 220 with SLS bricks), some were thinner than 
walls with a modular brick of 190 x 90 x 65 nim. 
Frequency Distribution of Wall Thickness 
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Fig. 7.1: Frequency distribution of study walls widths 
in and around and Colombo (1991-1993); For data - see Appendix 6C. 
7.2.1 Sizes of Bricks 
The average dimensions of bricks used in walls studied under the mortar consumption survey 
are shown in Table 7.1. These sizes provide an indication on the sizes of bricks used during 
this period (i. e. from 1991-1993). 
None of the bricks used confirm with work sizes specified in the SLS or the BS. Clearly, these 
Standards do not serve any useful purpose except for mere inclusions in Standard 
Specifications for construction work. The majority of bricks used in and around Colombo may 
be described as short, narrow and thin wher. compared with either SLS/BS bricks (i. e. falling 
into Group 4 bricks). However, when compared with a modular brick of 190 x 90 x 65 mm, 
the average dimensions of these bricks appear to be larger in length and breadth, though less in 
height. Nevertheless, they are comparatively small in volume with three (3) BS bricks being 
approximately equal to five (5) study bricks. (See Table 7.2). 
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Table 7.1: 
Average dimensions of bricks used in and around Colombo (1991-1993) 
Length (mm) Breadth (mm. ) Height (mm) 
Average 191.0 93.7 49.2 
Std. Deviation 11.1 5.1 04.2 
Range: Minimum 
Maximum 
176.3 
218.5 
86.6 
104.0 
40.9 
58.0 
S ý', S'39 L 220. 105 65' 
B S, ý, 3- 215 102.5 65 
Note: Brick sizes computed from site surveys are average unit sizes and not bulk sizes; Also see Appendix 6A. 
Table 7.2: 
Volume of Bricks used in Sites In and Around Colombo 
BS 3921 SLS 39 Modular Local bricks 
Volume 100 104.8 77.6 62.1 (Av. ) 
Indicator Minimum 45.7 Size: 17.7 1 x9.04 x4.09 
Maximum 84.8 Size: 21.85x 10.15x5.49 
volume _ 
(cu. cm. ) 1432.4 1501.5 1111.5 Av. =890.00; Std. Dev. = 163.8 
Note: The volume obtained by the average dimensions given in Table 7.1 (i. e. 880.52 cu. cm. ) tallies closely 
with the average volume given in Table 7.2. 
7.2.2. Sizes of joints 
The sizes of joints used in the study walls mentioned earlier are given in Table 7.3 below with 
an indicator of their relative size (std. = 10 mm). Data used are given in Appendix 6C. 
Table 7.3: Joint size indictors (single brick thick walls) 
Joint Joint sizes (mm) BS/ 
SLS 
61ntSize-, `*ý, 2, 
Av. Std. Dev. Range (mm) , ý, 'Ti", )* S-; ýý 4 0) 
Bed mortar 17.11 3.67 6.02-25.49 10 171 
Chapparuwa 12.50 9.03 0.00-37.50 - - 
H/c - Cross R. 14.67 4.57 1.40-25.41 10 147 
S/c - Cross R. 20.87 6.64 5.86-37.43 10 209 
Wall-Joint 16.08 9.22 1.98-42.12 10 161 
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7.3 The Bed Joint 
The bed joint is very important due to its impact on the overall volurne of inortar in brickwork, 
as discussed in Chapter 6. The frequency distribution for the study walls Is shown in Fig. 7.2. 
Frequency Distribution of Bed Joint Size 
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Fig. 7.2: Frequency distribution of bed mortar joint size; Data in Appendix 6C. 
In order to understand the reasons for the wide variation in bed joint sizes, bricklayers were 
interviewed to seek responses to four open ended questions, which were as follows (See 
Appendix 7.1 for questionnaire guide): 
How thick is bed mortar? 
How do you decide on the bed mortar thickness? 
Is it easy to lay bricks with a large bed joint'? 
Is it difficult to lay bricks with a small bed joint'? 
The procedure adopted in these interviews was discussed in section 1.4. Bricklayers were 
preferred over supervisors, foreman, etc. as it was perceived that 'bricklayers would know 
better what they do' than others. In all 31 bricklayers were interviewed (one bricklayer per 
site). Bricklayers who did not have at least 3 years working experience were excluded from 
this survey. (For sample characteristics see. Appendix 7.2. ) 
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7.3.1 Bricklayers' Response to Size and Variability 
7.3.1.1 On Size 
It is observed from Fig. 7.2 that there was only one site (out of 54) with a bed mortar thickness 
around 3/8" (10 mm). This is not surprising, when compared with the number of responses 
obtained against this category during the survey. (See Table 7.4) 
The commonest response was V2" (i. e. R2) amounting to 61%. In contrast, the number of sites 
using a joint size of around 1/2" was only 7 (out of 54) amounting to 13%. Thus there appears 
to be a significant difference between what was quoted and what was practised. One may 
argue that the reason for this difference could be attributed to the differences between the 
bricklayers who constructed the study walls and bricklayers who were interviewed. This is 
unlikely, especially when viewed from the perspective of the sampling frames of - one wall 
per site in mortar consumption studies and, one bricklayer per site in the survey interviews, 
and the number sampled (i. e. 54 walls and 31 bricklayers, which are adequate samples). 
However, the best option would have been to observe the walls built by the bricklayers who 
were interviewed. 
Table 7.4: 
Bricklayers' Responses to: 'How thick is bed mortarT 
Response No. of responses 
RI. About 3/8", 10 mm. ............................................. 2 
R2. About 1/2 ............................................................. 19 
R3. 1/2"-3/4 ............................................................... 3 
R4. About 3/4 ........................................................... 1 
, R5. Fix course height to 2 3/8" & use gauge-rod ...... 2 
R6. As I feel like ..................................................... 3 
R7. No response/No meaningful response ................ 2 
Total no. of responses 32 
Note: One dual response. 
In the above discussion, only specific values of bed joint sizes were considered. However, it is 
possible to analyse these responses from the point of view of a range of values. Consider the 
responses giving a range of sizes between V2"-3/4", where 74% were found to quote. (i. e. 19 of 
R2,3 of R3 &I of R4 with a total of 23 out of 3 1). R5 cannot be considered as necessarily 
falling into this range, as it could also be similar to R2 depending on the size of the brick used. 
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Now consider the number of sites with bed joints in this range. This is found to be around 
81% (i. e. 46 out of 54 in Fig. 7.2). Thus, it is seen that the variance between 'frequently 
quoted' values and 'actual site' values reduces significantly when a broader range is 
considered. But this does not explain the difference between the most frequently quoted value 
of V2" and site observations; An issue which remains to be investigated further. 
But, what can be concluded from the responses received from the 31 bricklayers and data from 
the 54 sites, is that, most bed joints should lie within a range of V2"-3/4 ". 
7.3.1.2 Factors Affecting Size 
Now, consider the second question on the factors which affect the choice of the bed joint size. 
The intention was to find out the reasons for site variances (which was known at the time this 
study was commenced) and the question was carefully framed. Questions such as 'What 
factors do you take into account when deciding on the bed joint size? ' or 'What are the 
reasons of using large bedjointsTwere considered to introduce a degree of artificial difficulty 
when translated into Sinhalese (the language used by the bricklayers interviewed). Hence, the 
question 'How do you decide on the bed mortar thicknessT (as translated to English) was 
preferred. As the responses were elicited by direct interviews, neither was there any 
opportunity for any misunderstanding nor any difficulty in understanding the question. 
Despite, such concerns, 58% (i. e. most) failed to response meaningfully. Therefore, it was not 
of much value in reaching conclusions on the variability of the joint sizes. Nevertheless, 
responses R2 to R7 in Table 7.5 provided a basis for further investigations. 
Table 7.5: 
Bricklayers' Response to: 'How do you decide on the bed mortar thicknessT 
Response No. of responses 
Rl. No response/No meaningful response ....................... 18 
R2. As I feel like. /By practice .......................................... 4 
R3. Coarser the sand higher the bed mortar thickness ..... 3 
R4. Based on the variations in the brick height ............... 2 
R5. Use gauge rod for course height - each 2 3/8" ......... 2 
R6. Four courses to a foot ............................................... I 
R7. I Based on sill height of windows ............................... I I 
Note: One dual response. 
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This led to the selection of the following areas for further investigation, using the data 
collected from the mortar consumption studies. As the data relating to the first 15 sites did not 
have unit dimensions of bricks, these sites. had to be excluded from the study related to height 
distortions of bricks: 
Type of sand (R3) 
Height distortions of bricks (R4) 
Use of gauge rod (R5, R6, R7) 
An area which was conceived as a possible explanation for the larger joint sizes was 'ease of 
construction', which was the foundation for framing the last two questions listed in section 
7.3. 
7.3.2 Type of Sand and Bed Joint Size 
Of the three different types of sand available in the market, medium sand is the most widely 
used as mentioned in section 6.8. The data in Table 7.6 confirms this view. It can be seen from 
Table 7.6 that fine sands are used less frequently than coarse sands. This is explainable. 
Table 7.6: 
The variation of bed joint size with type of sand 
Type of Sand Average 
(mm) 
Std. dev. 
(mm) 
Range (nim) 
Min. Max. 
No. of 
sites 
Fine 19.42 2.76 14.88 21.51 05 
Medium 16.50 3.99 6.02 25.49 23 
Coarse 1 17-79 2.41 14.15 20.96 12 
Examination of the plots in Fig. 7.3 do not indicate that the type of sand affects the bed joint 
except to state that the range of sizes achieved with medium sands were greater than for other 
types (See also Table above). 
. Another question that may be asked is whether the apparent difference in the means of the 
, 
different types of sands are significant. Thii may be evaluated by testing the significance of the 
means by setting up a two tailed test of hypothesis (i. e. HO = p, - P2 ) using a 't distribution' as 
the sample sizes were comparatively small: When comparing coarse sands with medium 
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sands, the two tailed probability was greater than 0.20 - meaning that the difference in means 
are not significant. Similarly, when cornparing fine sands with medium sands, the 
corresponding value was 0.14 - meaning that the differences are not significant. 
However, it needs to be pointed out that, theoretically, it would be difficult to construct 
smaller joints with coarse sands (see R3 in Table 7.5). It is cornmon knowledge that some 
types of coarse sands may contain large sand particles (such as pebbles) making it difficult to 
construct small joints. (For example, coarse sands from the Kaduwela area supplying Colombo 
is considered to contain a large amount of pebbles. ) Thus it is difficult to conclude with the 
data available that joints smaller than the smallest observed, i. e. 14-15 mm could be made in 
practice; On the contrary, making smaller joints would be easier as it contains smaller 
particles, although the smallest joint was 14.88 mm. This is attributed to the small number of 
sites in the sample. (See Table 7.6). 
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Fig. 7.3: Distribution of Bed Mortar Joint Sizes when Stratified by Sand Type 
(Data in Appendix 6D. ) 
7.3.3 Height Distortions of Bricks and Bed Joint Size 
In order to study the impact of height distortions of bricks on the bed joint thickness, it was 
necessary to identify a measure of the height distortion. The heightwise distortion factor (see 
Ch. 6.3.2) was not suitable for measuring the variations in brick heights but as a measure of 
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the shape deformations and the like. TherefOre, it was necessary to aclopt a different approach 
to analyse the problern at liand. 
7.3.3.1 Rationale for a Site-based and an Industry-wide Minimum 
The two variables discussed below were used for quantifying the height distortions of the 
brick. Whilst their descriptive statistics are given in Table 7.7, their variations are plotted in 
Fig. 7.6. 
Standard deviation of sample bricks (labelled as SD. ); 
The difference between the tallest brick in sample and average height (labelled 
as MA) 
Table 7.7: 
Descriptive statistics: Std. dev. of brick heights, and max-av. height of bricks 
Variable Average Std. Dev. Minimum Maximum Mode 
Std. Dev.: (SID) 1.926 0.566 0.143 3.026 2.163 
1.917 0.571 0.143 3.026 2.163 
Max-Av.: (MA) 3.286 1.297 0.667 6,074 4.917 
*1 (3.41) 1 (1.499) 1 (0.667) (8.22) (4.917) 
* Excluding data related to the site showing a spike in 7.6. Zý 
'All-Accommodating' Average 
In order to accommodate all sizes of bricks (including the tallest) used in the study sites, the 
minimum size of the bed joint required would be twice the maximum of MA in Table 7.7. The 
corresponding layout is shown in Fig. 7.4, with two of the tallest bricks arranged one above 
the other in alternative courses. 
H av. _ 
av 
I max 
I- 
Irnax. r- 
-t 
Av. R. Size 2x Hmax -2x Hav 
2x MA 
Fig. 7.4: The 'two tallest bricks' scenario 
J max. 
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Accordingly, the average size required would be 12.14 mm. (or 16.44 mm) with values in the 
shaded cell of Table 7.7. If however, it was necessary to find out the minimum bed joint size 
which would be necessary to satisfy the criteria of not less than 95% of the sites, two 
computational possibilities exist. Either the 95th percentile (P 95 ) or, the value of Y(=x- 
p)/cy ) at 10% significance could be found using a normal distribution statistical chart. The 
latter was used as an approximation and the corresponding value was found to be 10.83 (or 
11.08) mm. Thus the standard joint size of 10 mm. may be rejected as a 'standard' catering for 
an 'industry wide' situation - where bricks are accepted without conformance with any laid 
down tolerances. An average size of 11.08 mm would be more suitable as a minimum 'all- 
accommodating' average; In practice, it may be taken either as 12 mm, or 1/2". 
The implication of this argument to site practice, is that, it assists in identifying a 'non- 
conflicting', an 'all-accommodating' bed joint size as a means of dealing with chaos. The 
procedure to be adopted is to draw a sample of bricks and to measure them individually (not in 
bulk) so as to obtain the average height and the height of the tallest brick (in sample). The size 
of the joint required would be 2* (H max -. H av). It can be seen from Fig. 7.6 that - 
in all but one site, the actual bed joint size was greater than 2*MA; and 
the average of 2*MA (6.82 mm) was well below the sample av. of (17.55mm). 
This methodology of arriving at a suitable joint sizes is proposed as a method of coping with 
chaos at 'site-level' or at 'industry-level'. 
'Accommodating' Averaize 
It may be argued that a case with two tall bricks sitting one over the other is a remote 
possibility, and as such, it would be more realistic to consider a case where a Hmax. brick and 
Hav. brick sits one over the other. In which case, the average size of the joint required would 
be Hmax - Hav = MA (i. e. 6.074 or 8.22 mm). This average may be referred to as an 
4accommodating' average (by dropping the word 'all'). The implication of this 'average' to 
practice -is that, 
if this joint size is to be used as an industry-wide standard, then it would be 
necessary to specify that none of the bricks. in the sample being tested (or a proportion thereof) 
should exceed: 
the average height of sample bricks + specified joint size. 
And if it is necessary to maintain course heights with a specified size of brick, then the 
daverage height of sample bricks' should be replaced by 'specified size of the brick'. 
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7.3.3.2 Explaining Site Observations 
The discussions in the above section lays down a framework for coping with height distortions I 
in bricks, but failed to explain why the -industry joint sizes were always greater than tile 
minimum required sizes (see 7.3.3.1). This section addresses this issue. 
Consider the bricks in the header course shown in Fig. 7.5. How much of mortar would a 
bricklayer have on top of these bricks? Would he be guided by the tallest brick in the course 
(i. e. case A), the shortest brick (i. e. case C) or a brick which appears to be at an average height 
(i. e. case B)? Perhaps, there are other combinations that can be considered. For example, 
would he be guided by the mode height of all the bricks in the course (i. e. case D)? 
Top of mortar bed ................. I ...................................................... ........ --- I ............. 
ABjCID 
Bottom levcl of bed mortar 
Fig. 7.5: 
A conceptual diagram of a header course of bricks with bed mortar 
In order to understand the situations further, the graphs relating to, maximum brick height 
(indicating a case A scenario) and average brick height (indicating a case B scenario) was 
plotted as shown in Fig. 7.6. (Note that case B has been taken as the datum). It was argued that 
case C would be unlikely as compared with cases A and B, and was not considered; The case 
D scenario discussed earlier would be identical with case B, if the distribution of brick heights 
was a 'normal distribution'; The average and the mode would be one and the sarne. In order to 
check this assumption, these distributions were plotted. This led to the following observations 
about their distributions: 
i. Did not display normality; ii. Were mostly bi-modal or multi-modal; 
iii. Did not display peakedness at all tirnes; 
iv. Was impossible to calculate the mode at all times; 
V. The difference between the average and the mode in uni-modal distributions 
was insignificant. 
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In addition to the above, standard deviations of the brick heights were also considered as a 
possible reference level which may influence this decision and is shown in Fig. 7.6. 
An Analysis ot'plots mentioned above & the 'optical illusion' 
Now, consider a joint size of 10 mm (which is the prescribed standard size). Assume that a 
bricklayer would adopt this size above the tallest brick in the sample. This level is indicated by 
the plot labelled as '10 + (max-av)' in Fig. 7.6. 
An observation which can be made from this graph now is that, even when a height of 10 mm 
is used above the tallest brick, it is still below the size of the bed mortar adopted except in just 
one case. Why was this so? 
In order to understand this issue further it was necessary to focus attention on the Std. Dev. 
plot with an average of 1.93 mm and a std. dev. of 0.566 mm. Theoretically, only 1/6th of the 
bricks would generally be above this plot (i. e. a small proportion). Thus, the question now is, 
whether for example, a course of bricks with not less than 5/6ths of the bricks having at least 
8.07 mm of mortar above it (i. e. 10 - 1.93) would be sufficient to compel a bricklayer (who 
does not use a gauge staff) to adopt an average bed joint size of 10 mm. 
Another issue enters this discussion at this stage, i. e. on the adequacy of a layer of 8.07 mm of 
mortar. The course of bricks shown in Fig. 7.5 with the top surface of the brick at different 
elevations would generally be considered as 'abnormal' because conventional practices of 
bricklaying require the top surface to be leyelled before mortar is spread over it. But, in local 
practice, header courses are usually not levelled. This scenario can be shown 
diagrarnmatically. (See Fig. 7.7): 
Levelled stretcher course 
I 
- -A: 
Averýizebed-iilortar*tliicý-n'ess ** -A 
Std. Dev. - Av. Brick height 
-- --- -- ----- -- - 
ý11 
I ................................... ........... 
------------ ----------- I ---------------- f 
- --- -- ----- 
.... ..... 17 
l* 
- K! II111 
Flo. 7.7-. 
A conceptual diagram of a bed j ol nt above a header course 
where the top*surface is not levelled 
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The question discussed before needs to be re-framed in view of this scenario, and is whether a 
course of bricks with not less than 5/6ths of the bricks having at least 6.14 mm of mortar in 
between (i. e. 10 - 1.93 - 1.93) would be sufficient to compel a bricklayer to adopt an average 
bed joint size of 10 mm. The data in the plots of Fig. 7.6 indicates otherwise. Perhaps, the 
answer to this question can be explained as follows: 
Consider walking through an opening of 7 ft. sufficiently wide, such as a normal door 
opening. Now, imagine the opening was only 6 ft. - a foot less. The tendency would be to duck, 
even though the opening was is in fact large enough to walk through. This 'optical illusion' is 
analogous to the phenomenon related to the non-use of a 10 mm joint. 
Bed mortar size and brick IMers commonest response of 1/2" 
In order to obtain further insights into the apparent differences between the bricklayers' most 
frequent response of 1/2" and field observations, the following options were considered: 
Option 1: Have a clear 10 mm joint above the tallest brick, i. e. a joint size of 10+2*(Max-Av); 
Option 2: Have a clear 10 mm above one standard deviation, i. e. a joint size of 10+2*Std. Dev; 
Option 3: Have a clear 12.7 mm (1/2") above the tallest brick, i. e. a joint size of 12.7+2*(Max- Av) 
Option 4: Have a clear 12.7 mm above one standard deviation, i. e. a joint size of 12.7+2*Std. Dev. 
option 5: Have a clear 19.05 mm (3/4") above the tallest brick, i. e. a joint size of 19.05+2*(Max-av) 
Option 6: Have a clear 3/4" joint above the tallest brick, i. e. a joint size of 19.05+2*Std. Dev. 
Option 7: A joint size of I 0+(Max-Av) 
Option 8: A joint size of 10+ Std. Dev. 
Option 9: A joint size of 12.7+ (Max-Av) 
Option 10: Ajoint size of 12.7+ Std. Dev. 
Option 11: A joint size of 19.05+(Max-Av) 
option 12: A joint size of 19.05+Std. Dev. 
An examination of these plots revealed that the graphs that match closely the site observations 
were graphs of Option 9 (see Appendix 7-3) and Option 10 (see Fig. 7.8. ). Both these options 
relate to a 1/2" joint thickness - the size frequently quoted by the bricklayers. Of the two, 
Option 10 was the best. It suggests, therefore that the minimum thickness of the bed of mortar 
is arrived at by increasing the 1/2" size (frequently quoted by the bricklayers) by an uncanny 
assessment of the std. dev. of the bricks used. 
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These discussions may be surnmarised as follows: 
i. The 'all-accommodating' average may be used for establishing a 'site-wise/ 
industry-wide minimum for bed joint size, as an effective strategy of coping with 
the chaos in brick heights. Numerically, it is equal to 2* (H max -H av. 
ii. Distortions in brick height affects smaller bed joints. 
iii. Given the current levels of distortion, a suitable industry-wide minimum for bed 
joint would be 12 mm or 1/2". 
iv. The 'accommodating' average may be used for establishing an industry-wide 
minimum in situations where a Standard for burnt clay bricks is proposed. 
V. Given a free choice, it is unlikely that the bricklayer would adopt either the 
standard size of 10 mm or less, due to an 'optical illusion' associated with small 
joints (similar to the effect of passing through a small door opening). 
vi. The local practice of laying bricks without levelling the header course also affects 
the bed joint size. 
vii. Bricklayers' perceived sizes are transformed into larger physical sizes - usually by 
the addition of at least one standard deviation, with respect to small values (i. e. 
around 1/2"). 
7.3.4 Ease of Construction 
In order to ascertain whether large bed joints were used because it was more convenient to 
build so, bricklayers were interviewed with respect to two open ended questions with a view to 
seeking yes/no responses initially and then. to seek clarifications as necessary. These questions 
are re-stated below: 
Questionl: Is it easy to lay bricks with a large bedjoint? 
Question2: Is it difficult to lay bricks with a small bed joint? 
The actual framing of these questions were done with much care. At the time of conducting 
these interviews, the range of sizes of the bed joints were known. Therefore, these questions 
could have been qualified by actual sizes. However, if reference to specific sizes were to be 
made, there was considerable doubt whether the bricklayers would perceive the sizes correctly, 
especially in an environment where so much little attention was paid to actual sizes. Therefore, 
6generality' was favoured for 'specificity', so as to find out a general view of 'convenience, on 
small and large joints. 
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7.3.4.1 Ease of Large Joints 
The responses to the first question 'as qu9ted' by the bricklayer's are tabulated under the 'as 
responded' column in Table 7.8. 
Table 7.8: 
Is it easy to lay bricks with a large bed joint? 
Responses As responded As scored 
Yes No Yes No 
1 No . .................................................................. 
7 7 
2 No, when too much it is difficult. 4 4 
3 No, finds it difficult to level courses. 2 2 
4 No, the brick tends to tilt. 2 2 
5 Yes . ................................................................. 
4 4 
6 No problem. 1 1 
7 Yes, but with chapparu it is difficult. 1 1 
8 Yes, but when too much it is difficult. 3 3 
9 Yes, if too much the wall tends. to shake. 1 1 
10 Yes, if too much the bricks tend to topple. 1 1 
11 Yes, use large joints always with coarse 1 1 
12 sand. 1 1 
13 Yes, but can't raise the wall much. 2 2 
Yes, but if the chapparu is not too much 
Total .......................................... 15 15 14 16 
Net total ..................................... 0 -2 
Probability of an 'yes . ................ 1 50% 1 46.7% 
Note: For an interpretation aid, see Appendix 7.8. 
Responses which were qualified with words such as 'but', 'if' and 'when', etc. had to be 
scored differently as shown in Table 7.7. A net positive score reflects the preference of the 
majority of bricklayers to the use of large bed joints, when not compelled by external 
influences. 
The net response to the first question as to- whether 'large joints would be easy to work with' 
was found to be close to zero (i. e. - 2) in a scale of -30 to +30 as shown above with about 
47% of the bricklayers considering it easy to lay bricks when the joint was large. 
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7.3.4.2 Difficulty of Small Joints 
On the second question on whether 'small joints would be difficult to work with' the net score 
was 'zero' as seen in Table 7.9. Therefore, it may be concluded that bricklayers were divided 
on this issue as well. 
Table 7.9: Is it difficult to lay bricks with a small bed joint? 
Responses As res onded As scored 
Yes No Yes No 
1 No . ...................................................... 6 6 
2 No, but when too small it's difficult. 3 3 
3 No, in fact it is faster. 2 2 
4 No, but have to use more mortar 
for depressions/to level course. 2 2 
5 No, but due to distortions in 
bricks it is difficult/No, but use 3/4". 3 3 
6 No, but use 3/4", for convenience. 1 1 
7 No, bricks don't get disturbed when 1 
the joint is small. 1 
8 No, when using fine sand. 
No, but sand has to be sieved. 3 3 
9 No, but when more mortar is used 
it is easy to place the bricks. I 
10 Yes ...................................................... 4 4 
11 Yes, can't adjust/level the brick when 
too small. I 
12 Yes, difficult due to distortions 
in bricks. 1 1 
13 Yes, can't place the brick properly. 1 1 
14 Yes, but if sand is sieved, no problem. 1 
_ _ Total ........................................ 
:: C F 22 15 
Net Total ................................. 14 0 
Probability of a 'no . ................. 26.7% 50% 
Note: As sand is never sieved, response 14 was scored as a no. Others are self explanatory. The focus is 
not on joints which are 'too small'. 
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7.3.4.3 ATheory on Brickwork Joints 
The results of the two questions are surnmarised in Table 7.10. No definite pattern could be 
identified from these values; It', however, 80% had stated that it was easy to lay bricks with 
large joints, and 70% stated that it was difficult to lay with small joints, concluding that laFge 
joints would be used more often than not would be easy. As it is, the data were analysed 
further as shown in Fig. 7.9. 
Table 7.10: Summary of Overall Responses on 
'Ease of Construction and Bed Joint Size' 
Responses 
Questions Easy/ 
Not difficult 
Not Easy/ 
Difficult 
is it easy to lay bricks with a large bed joint? 46.7% 53.3% 
Is it difficult to lay bricks with a small bed joint? 50% 50% 
15 
EASY 
Large 
Joints 
NOT 
EASY 
15 
-S 9 14 
I () 
DIFFICULT NOTDIFFICULT 
(I 16 
Small joints 
Fig. 7.9: Situational analysis diagram for 
'large - small' bed joints 
A 'new order' emerges from an apparently hopeless situation, when responses obtained were 
analysed as above; It shows that bricklayers could be categorised into four categories 
depending on their convictions on 'convenience' of thejoint size: 
205 
Ch. 7 - Interim Strategies t, 
Category 1: The square in the top left corner shows that 5 considered that it is easy to use 
large joints whilst considering that it difficult to use small joints; An exclusive 
preference of large joints. 
Category 2: The square on the bottom right shows that 6 considered that it is easy to use 
small joints whilst considering that it difficult to use large joints; An exclusive 
preference ot'small joints. - 
Category 3: The square on the bottom left shows that it is difficult to lay bricks either with 
small or large bricks, thus moving towards a joint which is neither small nor 
large. 
Category 4: The last category of bricklayers (i. e. Category 4), do not differentiate 'ease of 
construction' with either large or small joints. (See top right square. ) 
The number of bricklayers in Category 3 is much larger than the number in Categories I and 2, 
(10 against 5 and 6). This suggests a distribution with a central tendency as shown in Fig, 7.10 
and is similar to the frequency distribution of the bed joint shown in Fig. 7.2. Thus 'ease of 
construction' explains to a considerable degree the wide variation in field observations. 
10 
6 
5 
Bed Joint Size 
SMALL AVERAGE LARGE 
& MODE 
easy easy easy 
Category: 2 
Fig. 7.10: The foundation for a Theory on Brickwork Joints: The bed joint 
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The implications of the above discovery to practice is that not all bricklayers share a common 
view that a joint of a particular size is easy. They differ with a central tendency towards 
gaverage sizes'. To change the actions of the Fourth Category (forming approximately 1/3rd of 
the sample) towards the use of any size of joint should not be difficult. However, it can be 
argued that controlling Categories I and 2 towards an average joint size would be much easier 
than controlling Categories -I and 2 towards a small or a large joint. In other words, working 
with an 'average'joint size could be done with less control than when working with small or 
large joints. Thus, if it is necessary to adopt a particular size of joint (especially a small or a 
large joint) it would be necessary to exercise control. 
These discussions explain the reasons for the variations'in bed joint sizes and as such forms 
the basis for aI theory on brickwork joints'. 
When trying to interpret these results quantitatively, a question on the bricklayers' perception 
of 'large' and 'small' arise; Discussions during interviews revealed that they usually associate 
'small' with a 1/2" joint and large with aP joint. 
7.3.5 Bed Joint Size and Tolerances 
The approach adopted in the local standard and in international standards for bricks is to 
specify tolerances based on dimensions of a brick - 'the larger the dimension, the greater the 
allowance for tolerance'; Heightwise tolerance per brick given in these standards vary from a 
minimum of 1.6 mm in the SLS to a maximum of 6 mm in the Chinese standard for a height 
variation of 65 - 115 nim. (See Table 2.1 for a comparison of international standards). 
The focus of the above mentioned approach is manufacturing, intended for use with a 10 mm 
joint. However, another approach to tolerance, is to view it from the point of view of the 
actual size of the joint required. This approach may be referred to as a 'joint-based' approach 
to tolerances which focuses on the process of laying a brick to fit either into a 'co-ordinated 
space' (as given in BS 3921) or otherwise, depending on aesthetics, functional and buildability 
considerations. For example, if aesthetics are important as in exposed brickwork, then 
tolerances may be specified to reflect the level of aesthetics required; To illustrate this point, 
consider a case where a small joint of say 6 mm. is required with exposed brickwork. Then, it 
is necessary to specify tight tolerances with regard to the height dimension both from aesthetic 
and buildability consideration; In contrast, if a 20 mrn joint is required, ý the tolerances may be 
relaxed up to a limit which does not impair with aesthetics; Buildability would not be an issue. 
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If however, the appearance of the joint is not important (as in Sri Lankan brickwork which is 
plastered on both sides), the concept of tolerance becomes of marginal importance, as it is of 
relevance only when small joints are used due to considerations of buildability (see 7.3.3.1); 
And furthermore, small joints are not preferred by most bricklayers (see 7.3.4.3). Thus a 
'joint-based' approach is a more prudent approach to tolerances (as against the 'size-based' 
approach) with respect to the Sri Lankan scenario, for reasons sununarised below: 
i. Brickwork in Sri Lanka is plastered on both surfaces; 
ii. The visual appearance of the bed joint is not as important in exposed 
brickwork; 
iii. Most bricklayers find it convenient to build with joints which are neither small 
nor large. 
iv. The 'chapparu' is used in most single brick thick walls precluding the bed joint 
from being seen; 
V. It provides a basis for taking account of distortions in dimensions irrespective 
of size; 
vi. it provides a basis for dealing with variations in sizes of bricks in successive 
deliveries; and 
vii. Is a strategy of dealing with industry chaos (i. e. variations in brick sizes, 
dimensional distortions). 
7.3.6 Dimensional Performance 
The movement towards standardisation with the impact of rationalising sizes into a 
dimensionally co-ordinated framework was discussed in section 2.5. It is evident that even 
during the early 1960s, there was considerable discussions on issues related to dimensional 
co-ordination (Brunton, 1972). However, this concept has not infiltrated the local industry, 
presumably because of the flexibility of the brick to perform dimensionally (Forbes, 1971). 
Openings for doors and windows are created with relative ease, by adjusting the sizes of 
perpend joints to accommodate horizontal dimensions, and the bed joint to accommodate 
vertical dimensions. This process is facilitated by smaller bricks and larger joints. 
'Four courses to a foot', the rule which ensures dimensional co-ordination in the vertical 
plane, was a traditional craft term until the brick was metricated. Since then this has been 
transformed to 'four courses to 300 mm' loosing much of its charisma. This rule is useful 
where uniformity and consistency in appearance is paramount as in exposed brickwork. But 
208 
Ch. 7 - Interim Strategies 
for brickwork which is plastered on both sides, where appearance and consistency is of 
comparatively less importance, and where joints can be used easily to adjust any differences in 
elevations, the'value of this concept diminishes. '... It is worthwhile to bear in mind that 
dimensional co-ordination is not an end in itself, but a means to [a] better and more efficient 
building. The possible costs of imposing dimensional restraints should be offset against the 
likely benefits, and the disciplines only imposed where there are clear overall benefits in doing 
so. ' (Forbes, 197 1, p. 35/84). This view lays the foundation to address the concept of 
dimensional co-ordination from a cost perspective. 
Imagine, it was decided to impose dimensional co-ordination (i. e. in the vertical plane) by 
fixing the course height. Obviously designs must be detailed accordingly to match floor 
heights, window sill elevations and the like. However, discussions with local design office 
executives revealed that at present there is hardly any attention paid to such co-ordination. 
(See Appendix 7.8). Situations where architectural drawings are produced in one system of 
unit and structural drawings are produced from another system of units are not uncommon, 
although the decision to change over to the metric system was taken as long ago as the late 
1970s. (In fact, the brick standard was metlicated in 198 1). It suggests therefore that a country 
may take a long time to adjust itself to such changeovers, unless there is a dedicated effort to 
speed up this transformation. Certainly, the construction industry in Sri Lanka is still in a 
transient state. Assuming that designs are dimensionally co-ordinated, the question is whether 
bricks available in Sri Lanka can fit the 75 mm module (i. e. standard height of 65 mm + 10 
mm joint). Table 3.1 shows the average heights of bricks from 1986 - 1996. If a course height 
of 75 mm. was to be maintained, the average bed joint size would vary from 16 - 29 mm, with 
16 mm. for Kandy and 19 mm for Kurunegala. As the values for Kandy and Kurunegala fall 
within the range of sizes which are considered to be 'convenient' by the bricklayers (see 
7.3.4.3) and with a buildable joint size, walls with such bricks could be dimensionally co- 
ordinated in the vertical plane. But, are these joint sizes cost-effective? This is an issue which 
needs to be addressed. (See Ch. 9). 
Whilst the position with regard to bricks in Kandy and Kurunegala is such, with other cities, it 
poses some problems when the joints are extra-large. Thus, the concept of dimensional co- 
ordination cannot be applied always, unless an effort is made to obtain bricks which are larger 
or smaller. This appears to be a difficult preposition. It can be shown that even the 50 mm 
module cannot be used, as adopted in India, with their thin modular brick (see Appendix 7.7). 
Thus a way forward would be to turn this 'chaos into an opportunity' by forging ahead with a 
&cost-effective' strategy forjoint irregularity. 
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7.3.7 The 'Optician's Approach' to BedJoint Chaos: The Way Forward 
Have you ever inade a visit to ; in optician to oet a prescription for a visual impairment'? It is 
usual to start the process by fittino a spectacle with a heavy frame. Lenses are introduced Z' 
gradually and at the beginning the vision is somewhat blurred. Lens after lens is inserted step 
by step, until it leads to a sharp focus. This process is analogous with the methodology 
proposed for coping with bed joint chaos: 
Commencing with the 'cost effective lens', a set of lenses are introduced systematically as 
illustrated in Fig. 7.11. The 'dimensional performance lens' is necessary to focus on issues 
discussed in 7.3.6; The 'buildability lens' focuses on issues in 7.3.2,7.3.3 and 7.3.5 whilst the 
'convenience lens' focuses on issues in 7.3.4. The 'implementation' and the 'feedback' lenses 
follow next drawing upon the findings in case studies 3 and 5 in Chapter 4, to develop focus. 
One of three scenarios given below would emerge, along with their characteristics. The flow 
chart given in Fig. 7.12 (with set of activities) could be used as a guide. 
A dimensionally co-ordinated wall with/without cost effectiveness. 
A partially co-ordinated wall with partial cost effectiveness. 
A cost effective wall, which is not dimensionally co-ordinated. 
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Chaos 
Is 
the joint size 
fixed ? 
Select cost effective joint size/range 
Dimensional 
Perforn Ia lice 
Builclability 
Select a buildable size 
e Is I 
dimensional 
co-ordination 
necessary'? 
Is it 
'convenient to 
build'? , 
Implementation 
Feedback 
May not need to 
control size 
Ard 
joint sizes 
maintained? 
Order 
Need to control 
joint sizes 
Fig. 7.12: A simplified flow chart for coping with bed joint chaos 
Select a cost-effective 
size, if'possible 
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7.3.8 Conclusions 
An emerging theme is the need to differentiate plastered brickwork with exposed 
brickwork. (As for example, to seek cost-effective solutions to bed joint chaos, to deal 
with dimensional distortions in the brick, issues related to buildability, convenience of 
bricklayers, etc. ) 
There are no significant differences in the sizes of joints made with different types of 
sand. 
Height distortions affect only small bed joints; The methodology of the 'all 
accommodating average' may be used for arriving at a buildable bed joint size at 
site/industry level; If necessary, the 'accommodating average' may be used in 
combination with specified levels of tolerance. 
iv Given the current levels of distortion, a buildable industry-wide minimum for bed joint 
could be taken as 12 mm or 1/2"; 
V. With respect to small bed joints perceived by bricklayers, (i. e. around 1/2"), the actual 
sizes built are greater by about one standard deviation, due to distortions in brick 
heights. 
vi. Not all bricklayers share a common view that a joint of a particular size is easy. They 
differ with a central tendency. This observation forms the basis for a 'theory on 
brickwork joints'. 
vii. A 'joint based' approach to tolerance is a more prudent approach to tolerances than the 
&size based' approach ( in view of bricklayers' convenience of laying bricks, the 
potential for cost-effective solutions, its flexibility to deal with industry problems, etc. ) 
viii. A special feature of the brick is it flexibility to 'perform dimensionally' (unlike for 
example a cement block or a clay tile). 
ix. A methodology for dealing with bed joint chaos has been proposed by taking into 
account of issues related to cost effectiveness, buildability, convenience of the 
bricklayers, dimensional performance, implementation and feed back.. 
x. The Sri Lankan construction industry should address issues related to metrication as an 
area of priority. 
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7.4 The Wall Width 
The thickness of a single brick thick wall in English bond is usually fixed by the length of a 
brick, which is equal to twice the breadth plus the size of the wall joint. Accordingly, the 
thickness of a wall built with SLS bricks would be 220 nim (also equal to 2x 105 + 10 nun), 
whilst for walls with BS bricks it would be 215 mm. 
However, the sizes of walls used locally varied widely from 179 - 235 mm with respect to the 
study walls (i. e. those used for mortar consumption studies. - See section 7.2). Different 
procedures appear to be adopted for arriving at the wall width as evidenced by the Case 
Studies in Chapter 4. Furthermore, these case studies identified a major discrepancy between 
sizes specified in contract documents and sizes actually built. On the face of it, the root cause 
for such practices appear to be the wide variation in the sizes of bricks available in the market 
(see 7.2.1). In fact, is this the real reason for this chaos? Is there a way to bring 'order' despite 
the chaos in brick sizes? Is it necessary? What new opportunities does it present? These are 
some questions that this section will addregs in the pursuit of strategies for coping with chaos. 
In Chapter 3, reference was made to 'unresponsive designing' which is further investigated in 
light of the above mentioned variations. For this purpose, design office executives were 
interviewed to obtain knowledge on procedures adopted during the pre-construction stage, 
(See Appendix 
, 
7.8 for interview guide) Consulting engineers were also surveyed in view of 
the key role played by them in assuring quality. A structured questionnaire was used for this 
purpose to seek responses on areas related to knowledge, awareness and behaviour. (See 
Appendix 7.8) Data collected for mortar consumption studies were also analysed to investigate 
the variation mentioned above. In addition, bricklayers were also interviewed to ascertain how 
the wall widths were actually fixed at site. (See Appendix 7.1 for interview guide ) 
7.4.1 Local Practices 
7.4.1.1. In Design - The Need for Consensus in Wall Widths 
In order to obtain information on local practice, it was decided to focus on two premier semi- 
government organisations with extensive experience in managing large building and civil 
engineering projects. Namely, The State Engineering Corporation (SEC) and the Central 
Engineering and Consultancy Bureau (CECB) who are often in the forefront of implementing 
major national projects. These reputable organisations employ chartered architects and 
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engineers with a basic degree in their respective fields and holding professional qualifications 
from both local and international bodies (such as RIBA and ICE). 
Discussions with the Chief Architect of CECB revealed that, it adopts a standard practice of 
detailing a wall to 220 mm which includes the wall plaster. This may be regarded as the 
"corporate view". However, when this issue was discussed with a senior architect of the same 
organisation, a different picture emerged. According to him, walls were detailed as either 9" or 
220 mm., the former used when drawings were prepared in imperial units and the latter when 
metric units were used. Sizes so detailed was considered to be exclusive of the wall plaster. 
Whilst this was the position with respect to architectural designs, the Chief Structural 
Engineer of CECB stated that dimensions of walls were never seriously taken and it was 
customary for them to adopt a minimum size of 225 mm! However, examination of 
construction drawings revealed two different sizes, i. e. 220 mm. and 225 mm, both when using 
metric units. A visit to their quantity surveying office revealed similar problems (see Chapter 
3). Clearly, there is a lack of knowledge and a lack of an agreed approach related to these 
issues. 
The situation at SEC (another premier consultancy organisation) although somewhat different 
was chaotic too. The Chief Architect stated that they do not dimension the thickness of the 
wall in drawings except when blockwork was used, mainly due to the variations in size of the 
brick. As a result, the structural engineer was left with the initiative of deciding on the size of 
the accompanying structural elements. Discussions with the Chief Designs Engineer 
(Structural) revealed that it was customary to adopt a minimum column size of 225 mm. An 
examination of the construction drawings confirmed this position. However, when BoQs were 
examined, wall width was consistently described as 220 mm. Although it matched the SLS 
brick size, it failed to match with the usually adopted column size of 225 mm. Clearly, the 
intention herein was not to construct a wall which was 5 mm less. Such situations would 
undoubtedly lead to construction conflicts. It is logical that details in architectural drawings, 
structural drawings and the BoQs should supplement each other without any discrepancy. It 
was not the case. 
How was it that this 9" (228.5 mm)/225 format came to be adopted both at the SEC & 
CECB? As explained in Ch. 3.5 this rather baffling misconception can be traced to the nine 
inch brick used during the colonial periods. It was customary then to identify a single brick 
thick wall as a 'nine inch wall' due to the use of 9 inch long bricks. In the modem context, this 
is really a 'misnomer' as the standard brick size is less than this. However, this practice has 
continued over the years and appear to bý in use even today. Any one who is not aware of 
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these issues, would easily be carried away into the belief, that the width of a wall would be 9". 
In a survey of 44 consulting engineers (cbmprising 32 chartered engineers) only one could 
specify the standard width of wall (i. e. 220 mm. with SLS bricks). Of the balance 43, nine 
stated it to be 225 mm whilst 32 engineers stated as 9" (Two responses were meaningless. ) 
Thus this misconception of 'nine inch wall' appears to be an industry-wide phenomenon. The 
impact of this misconception appears to be gigantic, causing so much confusion and 
unnecessary expenditure, whilst column sizes and beam widths continued to be taken as 225 
mm. (or 9", i. e. 228.6 mm) at times with only nominal reinforcement! This must cost the 
industry billions of Rupees which could be saved if this chaos is rectified. 
7.4.1.2 In Construction - Explaining Site Observations and Stratifying Broad Practices 
The Case Studies in Chapter 4 established: 
L the use of the chapparu in arriving at a suitable wall width; 
ii. procedures available for controlling wall width; 
iii. a procedure of pre-selecting/aaopting a wall width to match an available brick 
size; 
iv. problems arising when there is a lack co-ordination between beam/column sizes 
with wall width; and 
V. the practice of unilaterally reducing wall width from values specified in contract 
documents to a reduced value. (e. g. from 220/225 mm to 200 mm ) 
In fact, the last practice referred to is a major drawback in view of the practice of making 
payments on the basis of a 220/225 wall (see Ch. 3.14). Often the blame is assigned to the 
non-availability of standard size bricks. For example, in the construction of a major five star 
hotel (the Eden Gardens Hotel, 1995), it was given as an excuse to negotiate on a reduced 
wall width. (See section 7.4.2.2) 
Explaining Site Observations 
Interviews with bricklayers provide further information on practices used in fixing the wall 
width. The responses received are tabulateý in Table 7.11 presenting as many as 14 different 
practices thus explaining the wide variety of wall widths observed in walls used for mortar 
consumption studies. 
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Referring to Table 7.11 the practice P1 would be what is generally expected. In contract, the 
responses were much different. P2 assures P1 and is an important control activity. P3 could 
also be a situation where the column size would be adjusted to suit the wall width. (e. g. A 9" 
column with a 9" wall was replaced by a 71/2" wall and a 71/2"x12" column though marginally 
larger in cross sectional area). Practices P4-P7 reinforces the study variations. These responses 
also show that there appears to be a practice of conceiving wall widths in steps of 1/2". 
Practices P8 & P9 are the commonest; these recognise the problems associated with the 
diversity in the brick sizes in industry with its dimensional irregularities. The impact of P8 on 
the wall width may vary from 1/4" to I" as the chapparu can be on both sides. ' PI O-P 11 are 
similar in that priority is given to the wall joint and would no doubt result in situations walls 
with chapparu. However, in P12, there appears to be an attempt to eliminate the chapparu by 
adjusting the wall joint, but will only be possible if the brick is not longer than twice the 
breadth and that variations in length are minimal. P13 is unusual as it shows that a 8V2"wall 
can be matched with a 9" column or beam, the gap being covered by the wall plaster (as in 
Case 1). P14 is interesting too, as it appears to be a case of trying to match a suitable wall 
width to a brick size. In fact, these responses uncover much greater variety in procedures 
adopted for arriving at wall width than seen from case studies presented in Chapter 4. 
Table 7.11: Practices adopted by bricklayers - 
'How do you fix the wall thicknessT 
Practice adopted No. of responses 
(Out of 3 1) 
PI As specified/instructed 3 
P2 As marked on floor by the supervisor 1 
P3 Based on column size 1 
P4 Set to 71/2" 1 
P5 Set to 8" 1 
P6 Set to 81/2" 2 
P7 Set to 9" 2 
P8 Set chapparu to about 1/4-1/2 ............................................... 5 (16%) 
(actual impact on wall width from 1/4 - I") 
Pq Add 1/2" to brick length ................................................... 6 (19%) 
Plo Set wall joint to 1/2" 3 
P11 Set wall joint to 1/2-3/4" 1 
P12 Set to the length of the longest brick 3 
P13 When beam widths are 9", take wall as 81/2" 1 
P14 With small bricks set wall to 8" & with 
large bricks set wall to 9" 1 
P15_ No response/meaningless response 5 
Note: 5 cases of dual responses 
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Practices P8, P9 and P12 needs further investigation in view of the higher frequencies of 
responses against these practices. Both the SLS/BS specify tolerances based on an overall 
measurements of 24 bricks; When reduced to 'per brick' values, the tolerances for length, 
breadth and height are 3.125,1.875 and 1.875 mm. A study was made to ascertain the 
compliance of the bricks used in mortar consumption studies. The results of this inquiry are 
shown in Appendix 7.11. Out of the 44 sites only 8 complied with these limits. However, an 
increase of I mm reduces the number not complying drastically to 14, and a further increase of 
a millimetre reduces it to a small portion of 4 out of 44. Thus the number of cases not 
conforming appear to be sensitive to small increments of tolerances - which suggests the use 
of larger joints so as to accommodate distortions in dimensions (see also 7.3.5). An 
observation of particular interest with regard to practices P8 - PIO is the tolerance at which 
only one site (out of the 44) fails to comply. This is found to be 3.125 +2 (i. e. 5.125 mm) for 
length and 1.875 +3 (i. e. 4.875 mm) for breadth. Thus in a worst case scenario, there is a 
need for a chapparu of at least 5.125 mm (approximately 1/4" on one side-or 1/2" on both 
sides) or a wall joint of 2x4.875, i. e. 9.75 mm (approximately 3/8"). A comparison of these 
values with those quoted by the bricklayers are shown below: 
P8: Set chapparu to 1/4"- 1/2" Analysis of bricks gives 1/4"-1/21, 
P9: Add 1/2" to brick length Analysis of bricks gives 1/4" 
PIO: Set wall joint to 1/2" Analysis of bricks gives 3/8" 
Therefore, it may be concluded that bricklayers responses resemble worst case scenarios 
related to brick usage. The implications to practice is that, these practices can be used as a 
guidance when fixing wall widths. 
Stratifying broad practices 
This diversity in the practices adopted with regard to wall width as shown above in Table 7.11 
and as seen from the Case Studies, can be stratified in to three broad categories, viz., 
Category 1: Adopting a size governed by column/beam sizes; and 
Category 2: Adopting a fixed size (not governed by column/beam sizes); 
Category 3: Adopting a free size to suit available bricks 
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7.4.1.3 Conclusions 
L There is a need to achieve consensus on a standard wall width or widths. 
ii. Architects, engineers, quantity surveyors and related staff needs to be trained on the 
importance of maintaining consistency in designs, drawings and BoQ descriptions. 
iii. Steps needs to be taken to accelerate the metrication process. 
iv. Practices P8-PlO (adopted by bricklayers) are compatible with field observations and 
may be used for arriving at a buildable wall thickness. 
V. Walls can be narrowed down to three main types, based on the diversity of practices 
adopted for building walls 
7.4.2 Resolving the Issue of Using Chapparu 
7.4.2.1 Its Versatility 
The preceding section identified some of the practices that lead to the diversity in the wall 
widths but did not examine how it was achieved with respect to brickwork joints. Of the five 
joints in single brick thick walls, it is the wall joint in the stretcher course and the chapparu in 
the header course that would affect the wall width. The variation of the size of the chapparu 
joint with respect to wall width is shown in Fig. 7.13. 
This graph shows an association between the chapparu, and the wall width. As the chapparu 
increases the wall width increases too. This means that the demand for larger wall widths have 
been achieved successfully by using larger chapparu. joints. The bulge in the middle portion 
suggests a central tendency in the values adopted. As the graph does not indicate any 
concentrations around a particular value of chapparu it can be concluded that bricklayers do 
not use a specific value of chapparu - in fact, a wide range of sizes had been used. Thus, it may 
be stated that the width of the wall would be governed by other considerations such as 
dimensional irregularities of the brick, the width required, the size of the column/beam 
attached to it, etc. 
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Variation of Wall Thickness with Chapparu 
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The variation of the wall width with respect to the chapparu joint 
The chapparu also has a positive impact on the aesthetic aspects of local brickwork. 
Technically, small surface undulations (say up to about 5 mm) can be left as it is so that it 
could be made up along with the plaster. But, this is rarely practised. Discussions revealed, 
that bricklayers would always prefer to finish the wall with chapparu, as it provides a means to 
achieving a wall with sides 'flat as plate', thus making it to look much neater. (See Figs. 3.2 
and 4.1) In fact, this approach to site neatness is a good management practice in keeping witli 
the 5 S's quality principle (Hirano, 1994). 
7.4.2.2 Its 'Elasticity' 
It is clear from the above discussion that the chapparu joint is an effective methodology for 
adopting a wide variety of wall widths. However, these dis II li nits. , cuss ons dd not reveal its 'i i 
Data in Table 7.3 show that it has a wide range from 0 to 37.5 mm (i. e. 1.48"). Consider the 
upper limit. The interviews with bricklaye . 
rs revealed that the maximum size buildable on a 
face was 3/4". With chapparu on both sides, the largest possible would be approximately 11/2" 
(i. e. 38.1 mm) which explains field observations. Then, if the width of the wall required was 
U 
U- 
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215 mm, a brick which is 37.5 nun less than the wall width, i. e. 177.5 mm. long would 
generally be sufficient. This is an important discovery in that a 'standard size wall' can be 
made with a non-standard small size brick! Thus, in the Hotel project described in Section 
7.4.1.2 (in the second paragraph), the explanation submitted bythe contractor is inadmissible 
on the basis of this evidence. In fact, the above argument may be extended further, in that, a 
standard size wall of say 215 mm. may be a built with a standard size modular brick 190 mm. 
long if there are any advantages (say for example with costs)! In fact, the 'elasticity' of the 
chapparu joint, has opened up a new window of opportunity - to be probed - especially with 
respect to different scenarios of 'bricks to mortar ratio' discussed in Chapter 6. 
Consider now the lower limit. Table 7.3 shows it as zero. In practice, it refers to a wall which 
has not used chapparu. As with other joints, there is a minimum size that is buildable. When 
bricklayers were interviewed on this aspect, they responded with a range, i. e. from 1/8"- 1/4". 
The implications of these observations to practice are that the maximum and the minimum 
widths of walls would be as given in Table 7.12. 
Table 7.12: 
Approximate estimate of minimum and maximum sizes of wall widths 
Dimensional attribute Minimum Maximum 
(average 'unit' values) 
_ Gieater of 
L<2B 2Bmax Lav + Chapparu. max 
Lav + Chapparu .. j,, 
Lmax 
Greater of 
L>2B Lmax Lav + Chapparu max 
Lav + Chapparu max 
2Bmax 
L<2B-, 2B -L> Chapparu. The wall cannot be built using chapparu. 
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7.4.2.3 The Case Against the Use of Chapparu 
The seminar organised by the author to discuss interim study findings revealed the following 
negative comments on chapparu . (See Appendix 7.10 for the list of participants and papers 
presented): 
Chapparu, is considered a waste of expenditure because it uses extra mortar 
which is costly. In contrast there appears to be possibilities of reducing costs. 
(This claim is evaluated in Chapter 9). 
Chapparu walls take more time to build than without; However, there is 
evidence to suggest that labour costs do not vary when sub-contractors are used 
(Abeysekera and Munasinghe, 1996); In fact, there appears to be a hidden 
advantage of the chapparu with respect to achieving higher hourly outputs; 
Conventional brickwork require every course - be it a header or a stretcher to 
be stringed and plumbed fof line and level. But in walls with chapparu on both 
sides, there is no need for this as the brick is simply placed in the middle of the 
course. Perhaps the impact is significant to the extent that sub-contractors do 
not want to qualify their rates. This aspect is reviewed further in Ch. 8.6.3. 
Any attempts to promote the use of the chapparu. negates efforts towards 
standardisation of bricks. This indeed, is a belated excuse. Ever since the 
Introduction of the SLS for bricks in 1968, well over two decades ago, the 
industry has failed to ensure that bricks produce conform with this Standard. As 
explained before the current standard has ceased to be of any regulatory value. 
The many 'syndromes' cited in Chapter 3 (and other discussions throughout 
this Thesis), suggest that standardisation in the brick is far from being 
achieved. Gunning (1996) advocates the cessation of "single best solutions" to 
construction problems. The prescription of the 'standardisation' solution to the 
current problem, without bricks with a high level of tolerance, arguably is an 
extremely 'unstable' solution. In fact, in the event of a slightest irregularity in 
the dimensions of a standaraised brick, the tendency of the bricklayer would be 
to use the chapparu to overcome problems due to irregularity -a process which 
the local bricklayer is so very well accustomed to. (See 7.4.3.2 for a more 
pragmatic strategy) 
Thus, on the face of it, there does not appear to be a positive case against it. 
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7.4.2.4. *Could It be Avoided? ' 
Although there does not appear to be case against chapparu, it is useful to see, whether 
alternatives other than the standardisation ýolution exist to avoid the use of the chapparu. The 
options given below arose through this line of inquiry: 
Ensure that the length of the bricks manufactured are always greater than twice 
its width (i. e. L> 2B); and 
Use the 'stretcher bond' to construct single brick thick walls instead of the 
English bond. 
The first option, could only be used in special situations, as for example when purchasing a 
kiln load of bricks, that too only if the size matches the required wall width. Thus, it would not 
be of much use in making a wall of a specify width. Furthermore, the tolerances must be small 
as well, otherwise there is a chance that bricklayers would resort to chapparu. 
The last option appears to be a viable one which would eliminate the chapparu altogether, with 
the flexibility provided by the wall joint. It can be used to construct a wall of a specific size 
too unlike the option (i). However, it can be argued that the points raised against the use of 
chapparu. cannot be countered by this option. Furthermore, its load carrying capacity is less 
compared with the English bond even though strength is not an issue. Its construction is 
similar to conventional brickwork, as all courses would have to be stringed and plumbed 
unlike when using the English bond with chapparu. Promoting its use would also be another 
barrier to overcome as well. 
Therefore, it may be concluded that although the chapparu may be avoided, there aren't any 
advantages to be gained. 
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7.4.2.5 The Case for Chapparu 
The advantages of chapparu are: 
In an environment of declining brick size, with dimensional irregularities and the 
diversity in sizes, the flexibility to construct walls of a range of sizes, is of strategic 
importance for coping with the 'physical chaos' in bricks; For example, a standard size 
wall could be constructed consistently with a wide variety of small bricks. 
The methodologies available to construct walls without chapparu are neither flexible 
nor advantageous. 
Conventional problems due to the brick manufacturers' 'perceived format' and 
transporters 'tight pack' format of L- 2B could be easily overcome; It does not pose 
any problem at all. 
It eliminates the need for many different 'non-standard' specific sizes (e. g. BS 
4729: 1990 - Specifications for dimensions of bricks of special shapes and sizes) as the 
chapparu gives flexibility to construct a wide variety of shapes and sizes. 
it lays the foundation for identifying wall width as a 'continuum' giving total 
flexibility in design (if necessary). 
Chapparu improves the visual appearance of brickwork thus making it look neater (viz. 
the '5 Ss' quality principle. ) 
It opens up new opportunities to explore cost advantages with respect to different sizes 
of walls - even with standard size bricks ( for example, a 215 wall can be constructed 
with a 190 modular brick). 
The levels of hourly output of walls with chapparu on both sides is not necessarily 
inferior to walls without it, as a result of not having to string and plumb header 
courses. (See Chapter 8). 
Thus, there is a strong case for its retention and to find ways of fostering its use. 
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7.4.3 Coping with Chaos in'Wall Width 
The quasi-paradox of arguing for the continued use of chapparu is the promotion of chaos in 
the wall width. However, the strategy is one of using '... chaos to shatter old patterns of 
behaviour, so creating the opportunity for the new' (Stacey, 1993). How is it possible? 
The importance of focusing on the wall, as against the brick, was highlighted in Section 7.2 at 
the beginning of this Chapter; The 'wall' is the end product of using bricks and mortar, Thus, 
the approach adopted herein is to focus on the 'wall first and bricks next' as against the local 
approach of 'brick first and wall next'. This conventional approach, has not been able to bring 
about any changes to the status-quo. Instead, the situation has deteriorated further to the extent 
that Sri Lankan contractors unilaterally reduce specified wall widths and yet receive payments 
at a higher rate for constructing reduced wall widths. (See case studies 1,3 and 5). Thus, the 
approach taken herein is to change the focus to the wall in search of strategies for introducing 
a degree of order to the chaos in the wall -widths. 
Three broad categories of walls were 
identified by stratifying the diversity of practices adopted by bricklayers. (See 7.4.1.2) This 
search begins by focusing on these categories separately. 
7.4.3.1 Adopting a Fixed Size 
International Standards on bricks reveal that there is a wide range of wall widths used, such as 
90,102.5,110,140,180,190,215,230,240 and 290 mm. (see Table 2.1). Factors such as 
strength, dimensional co-ordination, durability, resistance to sulphate and frost attack, rain 
resistance, fire resistance, sound and thermal insulation and the like appear to be considered 
when deciding on a suitable wall width. Of these, only strength and dimensional co-ordination 
appears to be of any significance to a tropical country like Sri Lanka as bricks are used mainly 
in the superstructure of buildings and always plastered on both faces. Strength is not an issue 
in this study (as explained in Chapter 1) leaving dimensional co-ordination as the only factor 
of some importance; However, this too is of little importance in view of the dimensional 
flexibility in the brick (Forbes, 1971) and also because local brickwork is always plastered on 
both faces as explained in section 7.3.6. 
Whilst the position with regard to brickwork is as given above, the sizes used with blockwork 
show even greater diversity. For example, SLS 855: Part 1 of 1985: Table I of the 
'Specification for Cement Blocks' recognises, 75,100,115,125,140,150,175,190,200,215, 
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220,225,250 mm. as suitable widths. A comparison of these prescribed sizes with those of 
brickwork are given below. 
Table 7.13: 
A comparison of standard wall widths of brickwork and blockwork 
Width 11 2 
_I 
31 41 5 6 7 8 91 10 111 1 121 13 114 
Blocks 75 100 1 115 1 125 1 140 150 175 't, 190,,,, "' 
. 
200 ji-215 1 220 '1 225 1 250 1- 
Bricks Half brick thick walls Single brick thick walls 
90 102.5 1 110 140 180T 190', '] 215 1 220 ] 230 1 240 1 292J 
Note: Ibis Table does not include the sizes given by BS 4729: 1990: Specifications for dimensions of bricks 
of special shapes and sizes 
Clearly, industries the world over have demanded various widths -a demand for greater 
variability in wall widths. Should widths of brickwalls and blockwalls be different? Of the 14 
sizes listed above in Table 7.13, only four match; There is no logic in such differentiation and 
arguably, these widths must be matched and the process of doing so may be referred to as 
&cross standardisation'. It assists in rationalising industry processes and importantly promotes 
competition between two principal types of walling in Sri Lanka (i. e. brickwork and cement 
blockwork): 
'The time has come when bricklayers must awaken to the fact that the very 
existence of their craft is at stake. Means must be adopted to compete with this 
oldest yet newest material of construction, concrete. In many places in America, 
bricklayers have already come to the realisation of thisfact, and in some states 
they will lay no brick on a building thefoundation of which is concrete. In other 
states they have agreed to lay no brick on a building the frame of which is 
reinforced concrete ... The history of the world repeats itseV. In accordance 
with the lessons learnedfirom that history, the cost of common brickwork must 
either be reduced, or bricklaying will become a lost art. ' (Gilbreth, 1974, p. 
129) 
Thus, brickwork needs to be put in competition with blockwork, so as to bring a degree of 
order. Local brickwork has flourished chaotically, by and large in a competition-free 
environment, i. e. competition from an alternative walling type. The wide variability in wall 
widths has not promoted easy comparison either. (See section 1.1.2). Therefore, a condition 
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necessary to foster such a situation would be to match widths of blockwork with brickwork, as 
indicated before. Then and only then will such competition be felt. And, by doing so, this 
'chaotically-static-system' (i. e. the sustenance of the status-quo) could be subjected to an 
external impetus, as a means of agitating it to bring a degree of order. Consider the following 
analogy: 
'At low temperature the atoms of a particular gas are arranged in a particular 
pattern and the gas emits no light. Then, as heat is applied, it agitates the atoms 
causing them to move and as this movement is amplified through gas it emits a 
dull glow. Small changes in heat are thus amplified, causing instability, or 
chaos, that breaks the symmetry of the atoms original behaviour. Then at a 
critical point, the atoms in the gas suddenly all point in the same direction to 
produce a laser beam. Thus, the system uses chaos to shatter old patterns of 
behaviour, so creating the opportunityfor the new... ' (Stacey, 1993, p. 14) 
This adds further credence to the approach followed. 
What should be done therefore, is to narrow down the matching sizes to a 'demanded range' 
(i. e. by industry). Consider it to be represented by the range of values observed in field studies 
(i. e. 179.4 - 235 mm). This yields valuesof 175,190,200,215 and 225 mm, to be used as 
preferred widths of single brick thick walls. If necessary, they may be further narrowed down 
to 175,190 and 225 nun, which introduces a degree of inflexibility. 
At the Seminar held in connection with this study, the 200 mm width was discussed in length, 
especially with regard to its implications when used in reinforced concrete buildings. The 
consensus was that it could be used if necessary with minor adjustments to the layout of 
reinforcement such as by grouping bars together. Subsequently, the author investigated this 
aspect further. Different types, of buildings, from single storey to multi-storey structures, and 
with different arrangements and sizes of grids were studied with respect to sizes used and 
reinforcement "arrangements. This study confirmed that the 200 mm. width could be used 
conveniently, except perhaps in the ground floor of four storey buildings. The advantage of 
using this standard width would be in the reduction in column/beam sizes without an increase 
in reinforcement, especially in nominally reinforced buildings. Thus the 200 mm holds much 
promise with its added advantage of a 11% reduction in dead weights over the 225 mm thick 
wall. Importantly, this is a size to which most local cement block manufacturers conform to. 
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Does this mean that the only size which is acceptable other than 220/225 mm is 200 mm? Is 
there a methodology which can be adopted to reach consensus with regard to other sizes? 
Perhaps, a good starting point would, be to examine what the bricklayers are familiar with. 
Because, if sizes which are familiar to them could be adopted, then there is a greater potential 
for implementation. An examination of Table 7.11 shows that there were four sizes which 
were quoted by the bricklayers, viz.. 7 1/2", 8". 8 1/2" and 9". Converting these to SI units 
give- 
7 VT' as 190.5 mm; W' as 203.2 mm; 8 VT' as 215.9 mm; and 9" as 228.6 mm. 
When these values are compared with the values established earlier, there appears to be a close 
match except for the 175 min width. However, it may be argued that developing fan-dliarity to 
a width of 7" would not pose any difficulty, as bricklayers appeared to have conceived wall 
widths in steps of 1/2" (see 7.4.1.2) . Therefore, the 'five-value' set of '175-190-200-215-225 
mm' could still be used as a suitable set of values for standard wall widths. The same 
argument may then be introduced to the validity of the 'three value' set which includes the 175 
min size. Now, the question is which of these two sets should be selected. A way forward 
would be to consider the 5 value set as the 'set of standard widths' and the 3 value set as the 
4set of preferred sizes' on the basis of its simplicity. This approach may be further justified 
depending on whether there is a significant difference in costs between the intermediate sizes 
and the preferred sizes and also on whether these sizes would result in any abuse which may 
endanger the stability of structures. 
The foregoing discussion provides a methodology for arriving at a choice of a set of wall 
widths which has the potential for meeting industry consensus with the quaternary-features of 
drationalisation', 'competitiveness, 'controlled demanded range' & 'bricklayers' familiarity'. 
In effect the 'continuous' distribution of the wall width could now be reduced to a 'discrete' 
distribution - in order to bring a degree of 'order' to wall width. 
Why is this approach of 'standardising wall widths' more pragmatic than the 'brick 
standardisation approach' (i. e. in addition to the reasons given already)? Currently, there is 
only one standard size that which is recognised formally in line with the'SLS on bricks (i. e. an 
abnormal size of 220 mm). The procedure adopted has identified a set of suitable wall widths 
which has the potential for reaching consensus and which is implementable. Furthermore, the 
fact that industry can exercise greater control on walls built, rather than bricks manufactured, 
is a major justification for this approach - an approach which focus on controlling a process 
that goes on at the site (i. e. building a wall), rather than a process which goes on at a distant 
locality (i. e. brick manufacturing). Thus efforts must concentrate on specifying and building 
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walls to a standard wall width and to ensure that bricks manufactured suit this range ot'widths. 
The use of the chapparu gives the flexibility of' dealing with a wide range of brick sizes-, A 
strategy of using '... chaos [i. e. chapparul to shatter old patterns of' behaviour [i. e. variation of' 
wall widths], so creating the opportunity for the new [i. e. standard wall widths]'. 
7.4.3.2 Adopting a Size Governed by Column/Beam Sizes 
If it is necessary to match the sizes of structural elements with wall widths, either for 
architectural considerations or for any other (see Case 6), then the values from tile 'standard 
set of wall widths' must be made use of. The selection of bricks for the Category described 
above and for this Category would then be similar. The minimum size of the brick required for 
building in English bond could be computed by subtracting the wall width by the 'elasticity' of 
chapparu as explained in 7.4.2.2 (or as shown in Table 7.12). However, if the bricks available 
are smaller, the stretcher bond may be used (as explained in 7.4.2.4). Alternatively, the size of 
the wall or the column/beam could be changed. Two schemes (amongst others) are shown in 
Fig. 7.14. Furthermore, when selecting a suitable brick size, it is also necessary to consider the 
distortions of brick dimensions as treated in 7.3.3.1. A methodology for dealing with cost 
aspects will be addressed in Chapter 9. 
200 
00 
Column size change Wall width change 
with change in the width of wall as well 
Fig. 7.14: Two schemes for changing wall/colunin size 
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7.4.3.3 When Adopting a Free Size to Suit Available Bricks 
The procedure adopted herein is one of optimising wall width. Practices P8-Pl3 in Table 7.11 
fall into this category. In the two previous categories, the focus was on selection of a brick to 
suit the wall width. In contrast, the approach herein is to fix the wall width to suit the bricks 
either pre-selected-or delivered to site. In fact, the case for such an approach would almost 
diminish, if for example, the difference in cost of adopting the nearest 'standard wall width' 
(as identified in 7.4.3.1) is insignificant; This aspect will be reviewed in Chapter 9 after which, 
a strategy can be developed to eliminate altogether such an approach to wall width. - 
This practice gives rise to a variety of wall sizes in industry and poses certain dangers in the 
event smaller wall widths would be used in load bearing situations. Thus there appears to be a 
need to introduce regulations on minimum widths of walls in the greater interest of society; 
Kodikara, presenting a paper to the seminar (citing author's original work) concluded that such 
walls (i. e. walls build to suit brick size) have a high factor of safety when used in single storey 
load bearing structures. It was also stated that these walls could even be used as load bearing 
walls in typical two storey structures at levels of safety as required by BS 5628 (1978). These 
conclusions were based on the results of an 'experimental study' of 26 wall panels tested at 
the University of Moratuwa (Sri Lanka) and also on a 'design study' based on loads carried by 
critical walls. However, an examination of data related to laboratory test panels and design 
calculations revealed that these conclusions could be upheld only for walls with a width of 
around 200 mm and with mix proportions of around 1: 8. As such these conclusions cannot be 
readily extended to walls which are 175 mm thick without further studies although it appears 
that there should not be any restrictions in using wall widths of 175 mm in non-load bearing 
situations or in lightly loaded situations. 
However, the moral implications of the minimum size of 175 mm arise from dangers of 
misuse - say, for example, as a load bearing wall, as highlighted earlier. Arguably, this value 
should be removed from the set of standard wall widths with 'prescribed values' of 190,200, 
215 and 225 with greater flexibility, and 'preferred values' of 200 and 225 with less 
flexibility. 
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7.4.4 Conclusions 
The industry's general response to chaos has been one of trying to standardise the 
brick; this approach has not been successful in bringing about a change in the status- 
quo. 
There is a need to achieve consensus on a suitable set, of wall widths which has the 
potential for implementation. 
The practice of standardising wall width to an abnormal size around 220 mm has not 
been accepted by industry, often adopting many different wall widths. Currently, there 
is only one standard size that is formally recognised by the Sri Lanka Standards 
Institution, as only one size is specified in the relevant standard for bricks. 
iv. A methodology was developed to facilitate the process of identification of a suitable 
set of wall widths with the quaternary-features of 'rationalisation', 'Competitiveness', 
'demanded size range' and 'familiarity of bricklayers. The values so obtained were 
175,190,200,215 and 225 nim. with 175,200,225 mm as preferred widths. The 
appropriateness of these values would depend on various other factors including their 
cost significance. There is a need to omit 175 mm width from this set, due to structural 
considerations to guard against possible misuse. 
V. The seminar organised under this study reached consensus on a 200 mm. wall width 
which may require minor adjustments to reinforcement layout. It could be used in all 
buildings (if necessary) except perhaps in the ground floor of four storey buildings. 
Such consensus needs to be communicated (through an effective communication 
strategy) so as to reduce the continuity of the wall width distribution to a discrete one. 
vi. There is a strong case for the continued use of chapparu and to find ways of fostering 
its use. 
vii. The quasi-paradox of arguing for the use of chapparu is the promotion of chaos in the 
wall width-, It was shown that (iv) above was only possible by its use; a strategy of 
using 'chaos to breakaway from existing ways of working to bring order'. 
viii. Situations where the required wall width may not be attainable by the use of chapparu, 
could be overcome either changing. the sizes of structural elements and/or by adopting 
different layouts, or by the use of the stretcher bond. 
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ix. - Chapparu. walls open up new possibilities of increasing hourly outputs as a result of 
not having to string and plumb header courses when chapparu is used on both sides; 
This may be especially so in short walls where time spent on plumbing and levelling is 
comparatively higher. 
X. The process of metrication must be accelerated; This chapter highlights the need to 
focus on design office executives and bricklayers (who still use imperial units). Steps 
must also be taken to improve design office practice related to wall width, thus 
eliminating ill conceived practices. 
7.5 The Brick Size 
One of the objectives of this study was to identify strategies for coping with the chaos in brick 
sizes in an equally chaotic environment as profiled in Chapter 3. 
7.5.1. Dimensional Distortions and Diversity in Sizes 
As explained in sections 7.2 and 7.4, the wall takes centre place in this study, as it is the 
'product' which is necessary. The chaos introduced by the brick due to its diversity in size and 
irregularity in the dimensions was discussed under this chapter and in Chapters 5 and 6. For 
example, its impact on the bed joint was analysed in section 7.3 and strategies for coping with 
it was presented. And in section 7.4, the impact of the brick size on the wall width was 
analysed and the continued use of chapparu was advocated as a strategy of coping with the 
6physical chaos' in the brick. 
However, the impact of the availability of sizes and cost considerations need to be discussed 
with respect to strategies for coping with the chaos in the brick . 
7.5.2 The Decline in Size and Its Availability 
The selection process is also affected by the gradual decline of the brick size, with concerns on 
the availability of sizes with which standard wall widths may be built (See 'National 
Syndrome' in Chapter 3). Consider what would happen, if the range of sizes that are available 
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was from 170 to 180 rrim. Surely, a 225 mm wall would not be buildable in English bond even 
with chapparu, although the stretcher bond may be used. L 
This leads to the concept of a 'range of sizes' of bricks on which the industry can standardise 
on, as against the conventional option of a 'set of discrete values'. Theoretically, it may be 
shown that, as so long as the sizes of bricks vary within the range of 152.5 mm (Le. 190-37.5) 
to 187.5 (225-37.5) inm, the prescribed widths are attainable. Hence the 'flexible range' would 
be from 152.5 - 187.5 mm for a 'prescribed range' of 190 - 225 mm. This situation can be 
shown diagrammatically as follows: 
DESIRABLE PRODUCTION RANGE ? 
The Flexible Range 
152.5 187.5 190 200 215 225 inin 
-4 M. 
The Prescribed Range 
Fig. 7.15: 
The Interaction between the flexible , the prescribed and the production range 
Accordingly, the 'best case production range' would be the 'prescribed range'; and the 'worst 
case production range' would be the 'flexible range'. Thus the question arises as to what the 
'desirable production range should be'. Arguably, the most desirable range from the 
construction industry's point of view, would be the 'prescribed range', perhaps with a 
tolerance of 5 mm. If so, it is necessary to ensure that the size of the brick does not drop below 
say 5 im-n less than 190, i. e. 185 min (i. e. approximately 7 1/4"). 
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If the current production range satisfy this criteria, the sizes produced by the brick industry 
may be left for self regulation. If not, there may be a need for intervention to ensure that the 
brick size does not drop below the 'intervention limit'; Different approaches may be adopted, 
through professional bodies, contractors' organisations or through the State. If, for example, 
the latter approach is pursued, the government could, introduce laws under the Consumer 
Protection Act of Sri Lanka to make it illegal to produce bricks which are less than 185 mm. in 
length; There is a need to put into motion a 'negative feedback' system at this point. 
When this line of reasoning is adopted, data given in Table 7.1 suggests that such a strategy 
would be required in Sri Lanka to cope effectively with the chaos in the brick. 
7.5.3 Cost Effectiveness 
This aspect has not been dealt so far. It is necessary to develop a methodology to assist the 
selection of a brick size from the point of view of costs. For example, the discussions in the 
preceding section (i. e. 7.4) led to the identification of a set of possible values for wall widths. 
The procedure for choosing a range of suitable brick sizes were discussed in 7.4.3.1 and 
7.4.3.2. though not on how to cope with the 'economic chaos' caused by this variation. For 
example, if it is necessary to build a wall 200 min in width, a question that has to be answered 
is whether to use a large brick or a small brick? A size close to 190 mm or 175 mm? Or should 
the brick be purpose made to 200? And, if so, what size of bed joint should be adopted? What 
is the impact of mortar mixes on this selection? The chapters to follow, i. e. Chapters 8 and 9, 
examine this aspect in order to deal with the 'economic chaos' of the brick. 
7.5.4 Conclusions 
L The chaos of the brick manifests with respect to its dimensions; Strategies for dealing 
with their impact on the bed joint was presented in section 7.3. The impact on the wall 
width was dealt in section 7.4 and the continued use of the chapparu (with its 
adaptability) was advocated as a means of coping with it. 
11. If the brick is too small to build a wall in English bond, the stretcher bond may be 
used (as explained in 7.4.2.4); Alternatively, sizes of the structural elements could be 
adjusted/changed as outlined in Fig. 7.9 briefly. 
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A methodology for arriving at an 'intervention limit' to arrest the decline of the brick 
size was presented through the process of comparing the current 'production range' 
with the 'flexible range' and the 'prescribed range' to trigger action; In the event the 
size of brick drops below this limit, it may be necessary to intervene through various 
mechanisms available to industry, * as a means of coping with the brick chaos; An 
'intervention limit' of 185 mm (i. e. 7 1/4") was suggested. 
iv. The Sri Lanka Standard on bricks which specifies only one standard size (that too an 
abnormal size of 220 mm) needs to be amended to take account of the prescribed 
standard widths of walls. It should also give consideration to the 'joint based' approach 
to tolerances as discussed in 7.3.5 and 7.4.1.2. 
V. A methodology for coping with the cost effectiveness is developed in the following 
chapters. 
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OUTPUT CHARACTERISTICS 
AND THE IMPACT OF THE STUDY VARIABLES 
8.1 Introduction 
Interim strategies for coping with the chaos in Sri Lankan brickwork were presented in the 
preceding Chapter. However, an area which was not examined therein was output of 
brickwork. For example, what is the impact of the change in the size of the bed joint with 
respect to the time taken to build a wall? What is its relevance to the 'conceptual framework' 
proposed in section 7.3.7 for coping with the chaos in the bed joint? Is there any validity in the 
claim that walls with chapparu take longer to build? What is the impact of cross joints despite 
the fact that they take only a small portion of mortar? These are issues that will be addressed 
in this Chapter. 
8.2 The Study Methodology 
Early studies on brickwork, pioneered by Gilbreth, concentrated on improving productivity 
through method improvements as explained in Chapter 2. However, during the last two 
decades. - there has been a marked shift towards the study of other factors (not necessarily on 
brickwork) which affects productivity in general by a host of researches; Forbes (1977), 
Logcher and Collins (1978), Borcherding and Garner (1981), Price (1986), Olomolaiye et. al. 
(1987,1990), Abeysekera (1990), Homer (1990), Sanders (1991) to name a few. Attempts 
have also been made to measure and quantify some of these factors and also to explain the 
variability in productivity by building models by Thomas (1990), Sanders et. al. (1993), 
Thomas et al (1994), Jayawardena et al (1995), and Kodikara and Dissanayake (1995). Yet, 
there appears to be no universally accepted model which can explain the variability in 
productivity (Thomas et. al., 1990) let alone a model to explain the output of bricklayers when 
building walls. 
This study attempts to assess the impact of the study variables on hourly output and not to 
forecast productivity. In Chapter 2 it was explained that none of these models could be used 
directly. One possibility would have been to build a regression model with study variables as 
dependent variables, similar in nature to the factor models. Another would have been to build 
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an 'activity sampling model' (also a regression model) as described by Jayawardena (1995). 
The shortcomings of this method were explained in Chapter 2. Such models would entail 
much time and costs for collecting a large volume of data. Predictions would be limited by the 
coverage of data. The usefulness of such models built with historical data was also doubted for 
predicting or analysing outcomes related to future scenarios. This 'black box' approach to 
'input' and 'output' lacks transparency; it also lacks the flexibility to take account of any 
methodological changes in bricklaying. Hence, the 'model approach' was not favoured for 
investigating the impact of the study variables. 
Nevertheless, two approaches were deemed suitable. The first, involved the collection of time 
data along with mortar consumption studies. Output data were analysed using broad indicators 
(described in section 8.3) to isolate any trends with respect to the study variables. Attempts 
were then made to correlate these indicators with study variables. For example, bricks/mason- 
hr. showed a positive association with mortar/mason-hour as would be expected. When the 
latter was deflated by the study variables such as wall thickness, bed mortar thickness, height 
of brick etc., the observed variability diminished. (See Appendix 8.12-19). Further analysis 
with log functions correlated well when regressed. The equations developed was validated by 
use of site data. However, after much deliberation, it was argued that, as such a correlation 
may amount to a physical relationship between the number of bricks and the volume of mortar 
used, to discard its use. 
The second approach was very useful as would be seen later. It uses the technique of 'activity 
sampling' which has been featured extensively in studies associated with productivity, 
especially for identifying the root causes of productivity problems, viz. Thomas (1981), 
Abeysekera (1988), Thomas (1991), and others. The methodology adopted was one of 
obtaining simulated outputs due to various changes in the study variables using ideas 
embodied in the work study technique of 'synthesis' (Currie, 1977). A set of 'Micro-activity 
indicators' such as the 'time for placing a brick' and the 'time for fetching a cubic meter of 
mortar' was computed for these simulations by resorting to a hybrid approach of coupling the 
&activity sampling' technique with the methods developed under the mortar consumption 
studies; 'Brickwork output was then simulated with these data, under different conditions, in 
multiple scenarios similar in nature to the 'best case', 'most likely case' and 'worse case's 
scenarios with some differences. The details of this procedure are described in the relevant 
sections. 
236 
Ch. S- Output Characteristics 
8.3 Broad Indicators ol'Brickwork Output 
As mentioned earlier, at the time of' collecting data for mortar consumption studies, data 
related to the time spent on constructing these walls were also collected; sample characteristics 
are given in Appendix 8.1. These data were used for computing three types of indicators as 
defined below: 
Bricks per mason hOLIr = No. of bricks laid / Y( Mason-hours) 
Sq. m. per mason hour = Area of work done / Y_ (Mason-hours) 
Cu. m. per mason hour = Area of work done x Wall Thickness 1Y_ (Mason-hrs) 
Mason-hrs (M. hr) = Time spent by masons on building a wall after allowing 
for break times with no deductions for idling, waiting for mortar and the like. 
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Fig. 8.1: Frequency distribution of number of bricks laid per mason-hour (See Appendix 6G for data. ) 
Figures 8.1 to 8.3 show frequency distributions of the three indicators given above whilst their 
descriptive statistics are given In Table 8.1. The frequency plot in Fig. 8.1 of 'bricks per 
mason hour' show that it has a mode of 112.5 (i. e. with a modal class of 100 - 125). Its median 
of 111.3 bricks/m. hr, is very close to its mode (112.5) meaning that the output of 
approximately equal number of sites are on either side of the inode output. 
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Fig. 8.2: Frequency distribution of area of work done (sq. m. /mason-hr. ) 
(See Appendix 6G for data. ) 
Table 8.1: 
Descriptive statistics of output indicators 
Characteristic Bricks/ 
M. Hr M. Day 
Sq. m. / Squares 
M. Hr M. Day 
Cu. m. / Cubes 
M. Hr M. Day 
Mode 112.5 900.00 0.700 0.602 0.175 0.494 
Median 111.3 890.4 0.798 0.687 0.165 0.466 
Skewness 1.19 1.15 1.05 
Kurtosis 0.58 0.67 0.73 
Range: 
Min 
Max 
309.4 
27.6 
337.1 
2475.2 
220.8 
2696.8 
1.892 
0.21 
2.101 
1.629 
0.181 
1.817 
0.337 
0.045 
0.382 
0.952 
0.127 
1.079 
Mean 140.06 1120.48 0.927 0.798 0.185 0.523 
Std. Dev. 73.86 590.88 0.426 0.367 0.074 0.209 
Note: These indicators are for straight walls without openings and intersecting walls, 
using an effective time of 8 hours of work per day to convert hourly figures. 
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A sisinificant feature in the distribution shown in Fig. 8.1 (i. e. number of bricks per mason 
hour) is its broad range, varying from a meagre 27.6 bricks/m. hr to a speedy 337.1 
bricks/m. hr. With an effective time of 8 hours per day, the mode would be around 900 
bricks/m. day, whilst the range would be between 220 - 2700 bricks/m. day. The implication of 
this observation to practice is that brickwork has much flexibility in terms of output and could 
be stretched (see also section 2.7). The peakedness of this distribution is confirmed with its 
kurtosis being greater than zero (i. e. 0.583). For a normal distribution, which is neither flat nor 
peaked, kurtosis is considered to be zero. Hence, the concentration of values around the mode 
as seen in Fig. 8.1 is explained precisely by values of kurtosis. 
In general, all three distributions exhibit a central tendency similar to a normal distribution but 
are nevertheless asymmetric and exhibits peakedness greater than a normal distribution with 
the volume frequency distribution exhibiting the highest. This peakedness makes it possible to 
establish a broad range within which the values vary. Accordingly, the range for the number of 
bricks/m. hr., area and volume per mason lir. was found to be 75 - 125 nos., 0.5 - 0.9 sq. m., 
and 0.1 - 0.22 cu. m., respectively. 
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8.4 - Characteristics of Micro-Activity Indicators 
8.4.1 Indicators of Time Spent on Different Activities 
Micro-activities referred to herein are the various sub-activities such as laying bricks, placing 
mortar and the like that are carried out by a bricklayer for the purpose of building a wall. in 
order to assess the extent of time spent on these micro-activities, the activity sampling 
technique was used. Data were collected from five construction sites. Activity sampling results 
are given in Table 8.2 whilst the list of micro-activities used for data collection including the 
grouping used for Table items are given in Appendix 8.2. 
Table 8.2: - ., I 
Proportion of time spent on micro-activities of brickwork 
Case, 3 5 
Bricks+ brick bats/m. hr 
Bricks (equated)/m. hr 
85.23 
61.79 
102.06 
85.52 
109.06 
102.00 
120.55 
113.51 
180.30 
170.3 
Sq. m. /m. hr 1 0.474 0.5974 0.737 0.7976 1.273 
Cu. m. /m. hr. 0. 0.1195 
1 0.154 1 0.1635 1 0.23 
Values -Percentage, 
1. Set line 7.4 4.8 13.6 9.0 4.8 
2. Plumb brick 4.5 3.9 7.1 11.7 0.0 
3. Fetch brick 7.8 6.9 7.7 9.9 4.8 
4. Place brick 16.31 17.2 15.4 13.2 20.3 
5. Travel to fetch brick 4.2 5.9 6.4 2.0 1.9 
6. Fetch mortar 12.6 10.2 4.7 10.8 9.5 
7. Spread bed mortar 4.9 5.9 9.5 9.0 5.7 
8. Fill perpend joints 12.6 13.3 15.4 16.9 28.6 
9. Chapparu 9.1 5.1 4.1 1 5.2 0 
10. Other 12.2 10 13.1 6.6 15.8 
11. Idle/recover/relax 8.4 16.8 1 3.0 5.7 1 8.61 
I 
I 
I 
I 
il 
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The study walls show considerable variability with respect to the brick sizes, joint sizes' and 
wall thickness and in their hourly outputs. They also fall within the range of hourly outputs 
identified in Section 8.3 (based on peakedness), except for Case 5, which is slightly outside 
this range. Furthermore, it should be pointed out that Case 5 is a situation where the wall had 
been constructed without using chapparu. 
The time spent on the activity 'spread mortar' actually includes the time spent on filling the 
wall joint as well (as mortar simply falls into it in the process of spreading bed mortar). 
The following observations can be made from Table 8.2: 
Of the activities associated with the use of bricks, the largest portion of time 
was spent on 'placing bricks'; 
ii. Of the activities associated with the use of mortar, the largest portion of time 
was spent on fetching mortar and filling perpend joints; 
iii. The time spent spreading bed mortar was small (<10%); and 
iv. The time spent on chapparu was small (<10%) 
An observation which is of considerable interest is the large proportion of time spent on filling 
perpend joints. However, if time spent on 'fetch mortar' activity is apportioned (based on the 
volume of mortar in the different joints) to the respective joints, then the difference becomes 
marginal. Nevertheless, in view of the observations made in section 6.10.2 *that mortar in 
perpend joints often being less than one third of the total volume of mortar, the 
disproportionately large time spent on filling mortar leads to the following broad assertions: 
Assertion 1. The rate at which mortar is filled into perpend joints must below; and 
Assertion 2. The rate at which mortar is spread on the bed joint must be high. - 
The first assertion, suggests that, higher outputs are more likely with larger bed joints (as a 
trade-off between the proportion of time spent on spreading bed mortar and the time spent on 
filling mortar in perpend joints). On the other hand, using larger bed joints mean replacing 
space allocated for bricks. Therefore, if bricks could be used to fill spaces faster, then the 
effect of using a larger bed joint to achieve higher levels of hourly outputs would be nullified. 
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This is investigated further in the ensuing sections by obtaining simulated outputs due to 
changes in the size of the bed joints. 
Furthermore, arising out of the assertion that the rate filling mortar into perpend joints is low, 
it appears that, the use of unfilled/under-filled perpend joints or, in the alternative, use of 
smaller perpend joints, would facilitate higher hourly outputs. (See Section 6.5 for a 
discussion related to the use of under-filled joints). 
As before, if the height of the brick is increased, there is an issue of a trade-off between the 
time for placing a brick (per unit area or unit volume of wall) against the increase in the time 
for filling mortar into comparatively larger perpend joints. Thus the effect of achieving higher 
outputs by using a taller brick may be negated by the increase in the time taken for filling 
perpend joints. 
Therefore, these discussions lead to the following interim conclusion on brickwork output, 
which are investigated further in the ensuing sections. 
Smaller perpend joints favours larger hourly output rates in view of the slow 
rate of placing mortar into perpend joints; 
II, The effect of using under-filled or unfilled joints would be similar; and 
The effect of using larger bed j oints/taller bricks would be decided on the trade- 
off between the time for laying mortar and the time for a laying bricks. 
8.4.2 Indicators of Activity Rates 
In Section 8.2, a brief introduction was given to the methodology for assessing the impact of 
study variables. It also mentioned about the use of output data relating to a set of micro- 
activities'. The ensuing sections describe how these values were established and how they 
were used in simulations. 
I 
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The micro-activities presented in Table 8.2 could be categorised into four areas for the 
purpose of calculating the time taken for carrying out these activities: 
i. Activities which are associated with the bricks (3,4 and 5) 
ii. Activities which are associated with volume of mortar (6,7,8 and 9) 
iii. Activities which are associated with a course of brickwork (I and 2) 
iv. Activities which are not directly associated with any of the above (10 and 11) 
Attempts have been made to forecast 'standard times' of these activities by correlating factors 
which affect them (Dissanayake et. al, 1991, Kellapatha, 1993, and Jayawardena, 1995). In 
other words, a model is used for predicting times. Firstly, these studies have failed to examine 
the variation in the bed joint, chapparu, height of the brick, under-filled joints and the like or 
to propose a methodology for taking these into account; Secondly, these values depend on the 
subjective judgement of the researcher (i. e. on rating). Thirdly, it focuses on a 'single state' 
which is associated with a 'dubious' rating of 100. Fourthly, not all factors are usually taken 
into account (casting doubts on predictions made). Fifthly, forecasts could only be extended to 
situations covered by the data. Finally, a large volume of data would be required to cover a 
large set of variables. These shortcomings cast doubts on its suitability for the purpose at hand. 
Hence, the methodology adopted in this study was different, which was briefly outlined in 
Section 8.2 as a process of obtaining simulated outputs under different scenarios. The ensuing 
paragraphs explain how micro-activity rates were obtained for this purpose. 
For activities related to bricks (i. e. activity numbers 3,4 and 5 in Table 8.2), rates were 
calculated by dividing the time taken by the number of bricks laid. However, it would be 
incorrect to resort to such a method for activities which are related with the'use of mortar. 
Hence, the procedure adopted was to calculate the volume of mortar in joints using the RUM 
formula (see Chapter 6) taking into account of joint fullness factors, sizes of joints and the 
type of sand used. The volumes so obtained for the 'representative unit' (see Chapter 5) were 
aggregated into three types of joints, viz., the bed mortar (and wall joint), chapparu, and 
mortar in other perpend joints. Thereafter, the total volume of mortar used within an hour was 
computed by multiplying the 'representative unit' volumes by the ratio of 'area of wall built at 
site to the area of the representative unit'. The time taken to fill these volumes into the 
respective joints was computed by using the activity sampling data given in Table 8.2 and then 
dividing the times so computed by the volumes obtained earlier. As for the data on plumbing 
and setting line, the time taken was divided by the number of courses of brickwork. 
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There was some difficulty in arriving at a suitable basis for an indicator with respect to 
categories 10 & 11. Amongst the options open were to deflate the times so obtained by either 
the number of bricks, number of courses or by the volume of mortar. Yet another option was 
to consider it as a factor based on the ratio of indirect time to direct time, or by the area of wall 
built, etc.. Eventually, it was argued that category 10 (i. e. 'Other) be deflated by the number 
of bricks (or even by volume, if necessary) and category 11 (i. e. 'Relaxation ... ') be considered 
as a factor based on the ratio of the time taken to that of the total direct time (i. e. activities I to 
9 in Table 8.2). The values so obtained are given in Table 8.3. 
These values, show significant deviations, which are to be expected with the overall hourly 
outputs varying from 0.0985 cu. m. to 0.23 cu. m. ( or 0.474 sq. m. to 1.273 sq. m. ). 
Examination of these values confirm the initial assertions given in section 8.4.1. For example, 
the rate of filling mortar into bed joint is much faster than filling mortar into perpend joint 
with a ratio varying from 5.69* to 20.39. Furthermore, it also shows that the rate of using 
mortar for the chapparu joint is as low as filling mortar into other perpend joints. Thus, 
excessive use of chapparu should bring forth reductions in output. 
The set of data in columns labelled as, 'slowest', 'average' and 'fastest' needs some 
explanation. They, in fact, refer to three scenarios. The values given under the 'fastest' column 
refer to a situation where micro-activities are executed at the fastest recorded rate (i. e. using 
the minimum set of values in columns I to 5 in Table 8.3); Similarly, the values under 
4slowest' case scenario refer to a situation where micro-activities are executed at the slowest 
rates (i. e. using the largest values in Table 8.3). The average values so obtained are the average 
of the 'slowest' and the 'fastest' values. However, the approach adopted with respect to 
category 11 (i. e. 'relaxation') was different. It was argued that, if bricklayers were to work at 
faster rates, then requirement for 'relaxation etc.. would be greater. As such, for the 'fastest' 
case scenario, the largest recorded value was posted. (This is an area which needs to be 
investigated further). The usage of these values are discussed in the next section. 
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Table 8.3: 
Indicators of rates of output of micro-activities 
Case so- 1 2 3 4 5 Slowest Average Fastest 
I Set line/course (s/pair) 74.49 42.98 53.35 31.55 22.60 74.49 44.99 22.60 
2. Plumb/course (s/pair) 45.30 34.92 27.85 41.01 0.00 45.30 29.82 27.85 
3. Fetch brick (s/brick) 4.54 2.90 2.72 3.14 1 1.01 4.54 2.86 1 1.01 
4. Place brick (s/brick) 9.50 7.24 5.44 4.19 4.29 9.50 6.13 4.19 
5. Travel to fetch 
bk. (s/bk) 
2.45 2.48 2.26 0.63 0.40 2.48 1.65 0.40 
6. Fetch mortar (s/cu. m. ) 11.691 6,203 3,090 8732 4275 11,691 6,798 3,090 
7. Bed mortar (s/cu. m. ) 5,442 4,160 8,408 10,244 3,299 10,244 6,311 3,299 
8. Perpend joint(s/cu. m. ) 111.009 86,919 47,534 58,804 57.928 110,009 72,239 47,534 
9. Chapparu (s/cu. m. ) 144,707 69,808 61,117 73,396 144,707 69,806 61,118 
10. other (s/ brick) 7.11 4.21 4.62 2.09 3.34 7.11 4.27 2.09 
11. Idletrelax factor -% 9.17 20.17 3.09 6.04 9.41 3.09 9.58 20.19 
Note: Values given herein are per bricklayer (i. e. mason); s- seconds. 
8.5 The Simulation Procedure for Assessing Impacts 
In order to simulate output due to changes in the study variables the procedure set out below 
was adopted focusing first on the 'representative unit'. 
Step 1: Suitable values for the wall length, its width, the brick size, type of sand, 
joint fullness factors were established first as demanded by the 
circumstance. 
Step 2: The RUM method was used to compute the number of bricks and also the 
volume of mortar in the respective joints of a 'representative unit'; 
Thereafter, the volumes in different types of joints were aggregated as done 
in Section 8.4.2. 
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Step 3: ' The number of 'representative units' spanning the length of the wall was 
calculated by dividing the wall length by the length of the 'representative 
unit' (i. e. L+ TS). 
Step 4: In order to arrive at values related to a course of 'representative units' (i. e. 
a stretcher course and a header course in English bond spanning the wall 
length) the data related to the 'representative unit' (computed in Step 2), 
was multiplied by the factor obtained in Step 3, to convert to course values. 
Step 5: The time taken to build a course by a pair of bricklayers was calculated by 
multiplying the data so obtained by the 'micro-activity' rate indicators and 
dividing it by two; Thereafter, the time taken for plumbing and setting line 
was added to arrive at a total time for building a header course and a 
stretcher course (i. e. using twice their rates for walls without chapparu and, 
only once for walls with chapparu). 
Step 6: In order to arrive at the total time for a course (i. e. by a pair of bricklayers), 
the time computed in Step 5 above, was multiplied by the relaxation factor 
given in Table 8-3. 
Step 7: The area of wall built within this period of time, was calculated by 
multiplying the length of the wall by the height of the 'representative unit' 
(i. e. 2*H + 2*BMT). 
Step 8: In order to compute the area of wall built within (say) one hour by a pair of 
bricklayer, the area obtained in Step 7 was divided by the time obtained in 
Step 6. To arrive at the corresponding value per mason hour, these values 
were halved. The volume of wall built, was then computed by multiplying 
the area so obtained by the wall width. The values related to bricks/m. hr 
were computed similarly. 
8.6 Coping with Variations in the Bed Joint 
The impact of the various factors which affect the bed joint size was analysed in Chapter 7.3 
and a 'conceptual framework' of a methodology for coping with the bed joint chaos was 
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proposed. The objective herein is to assist the refinement of the proposed framework and to 
establish further strategies for coping with bed joint chaos. 
As a preliminary investigation, it was decided to simulate the changes in output of doubling 
the bed joint size, on the walls used for establishing activity sampling data. The results of this 
investigation are presented in Table 8.4. 
Table 8.4 
Percent increase in hourly outputs when doubling bed mortar joints 
Field Wall 1 2 3 4 5 
Existing BMT (mm) 21.07 23.41 13.67 10 15.15 
Changed BMT (mm) 10.54 11.70 27.34 20 30.30 
II I I I I 
I Sq. m. or Cu. m. /M. hr. 
1 6.86 1 10-59 1 7.40 1 (0.27) 1 
Note: Negative values are shown within parenthesis. 
It can be seen from this Table that, in all but one case (i. e. Case 4), there is a general increase 
in the hourly outputs when the bed joint size is doubled. Examination of micro-activity values 
in Table 8.3 show that the reason for Case 4 to show a decline was because it had the lowest 
rate of spreading bed mortar. Thus, if the advantages of using large bed joints are to be 
optimised, then a method should be developed to use mortar faster, especially bed mortar. 
In order to assess the, sensitivity of these values, a further analysis was undertaken. The basis 
for adopting the value of the 'fastest' and. the 'slowest' case scenarios in Table 8.4 was that 
when activities related to bricks were done slowly, the activities related to mortar would also 
be done slowly. But, in practice, it may so happen that, if bricks are placed further away than 
say mortar, then although the bricklayers may work at the same physical rate (as for example 
in the manner in which they move their limbs, etc. ), a degree of inefficiency may set in due to 
work place layout and the like. Such situations could be simulated (if necessary) by having 
different combinations as shown in Table 8.5. 
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Table 8.5: 
Sensitivity of hourly outputs to changes in micro-activity rates 
when doubling bed mortar joints (study walls) 
(percent increase in output) 
I 
Field Wall 1 2 3 4 5 
Existing BMT (mm) 21.07 23.41 13.67 10 15.15 
Changed BMT (mm) 10.54 11.70 27.34 20 30.30 
Wall thickness (nim) 208 200 1 209 1 205 1 193 
Combi- 
nation 
Bricks Mortar Relaxn. 
F F 6.76 9.10 8.78 6.70 7.88 
2 Av Av. 1.00 2.81 3.59 2.05 1.77 
3 
4 Av. F Av. 9.79 12.74 11.36 8.95 11.33 
5 Av. Av. 4.94 7.29 7.05 5.29 6.25 
6 S Av. 1.64 3.68 3.78 2.29 2.00 
'7 S 
771- 
Ay- -1 LJ7 
7,77 15'. 041ji 1,10', 
8 Av. Av. 7.86 10.54 9.67 7.59 9.41 
9+ S S 4.67 6.96 6.65 1 4.96 1 5.59 
Note: Negative values are shown within parenthesis. 
Of all the nine combinations, it is only in, the third combination that there was a decline in the 
hourly output, and that too, marginally., Thus, it may be concluded that in the case of the study 
walls, an increase in bed mortar would be unlikely to result in a reduction in hourly outputs. 
On the contrary, doubling the bed joint would be more likely to result in an increase in the 
hourly output. But, would this be the case with other types of walls too? 
For this purpose, four walls with 'prescribed sizes' (argued for in section 7.4.3.1) were 
selected. The knowledge gained from the above process was useful for setting up this 
investigation. Firstly, it was decided to standardise the wall length to 3.5 m (as most walls in 
Sri Lanka are generally around 3.5 m). Secondly, it was necessary to isolate the influence of 
chapparu, and the brick sizes were selected to match the wall width and also to roughly 
correspond with the brick manufacturers' preferred format of L-2B (see Chapter 3). The 
height was standardised to 45 mm too, in view of the abundance of smaller size bricks. 
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Thirdly, the bed joint sizes were standardised to 10,20 and 30 mm, and the joint fullness 
factors to 1.0. Fifthly, the size of the stretcher/header course cross joints were taken as 15 mm 
each (a size, tallying closely with industry walls). Finally, the number of combinations to be 
studied was narrowed down to 1,3,5,7 and 9 of Table 8.5. Thereafter, simulated outputs were 
obtained as before. The results of this inquiry are given in Table 8.6. 
From the results given therein, it may be concluded that, as the bed mortar thickness increases, 
the hourly outputs increase too. ( Note; The F/S/Av combination is of no significance as the 
reduction is negligible). Nevertheless, it should be noted that, this conclusion is only valid as 
so long as current methods of constructions are adopted (See Chapter 2). For example, if two 
bricks are picked up at a time, instead of the current practice of picking up one at a time, then 
the situation may change to a 'F/S/Av'. Similarly, if a larger trowel is used (instead of 20 cm x 
10 cm. trowel which is common use to a larger trowel used with concrete work), then the 
situation may change to a 'S/F/Av'. However, the usefulness of this methodology is that, in 
the event of a such an eventuality, its impact can be assessed by resorting to a 'sensitivity 
analysis' as outlined herein (which a conventional model built on historical data could not 
allow for). 
The data in this Table show also that as the walls become broader, (with an accompanying 
increase in the size of the brick), there is a gradual decline in the 'increase' associated with the 
doubling of the bed joint. This is explainable, as an increase in brick size means an increase in 
the rate of placing a cubic meter of brick. Furthermore, it can be shown that broad features 
portrayed by data in Table 8.6 do not change when walls are built with chapparu, and also 
when taller bricks are used. (See Appendix 8.4 and 8.5) 
Thus, the implications to practice is that an increase in 20 mm. (from 10 mm) results in a 
marginal increase in hourly output subject to the use of prevailing methods of construction. If, 
however, these were to change, then, the methodology described herein could be used to 
evaluate its sensitivity. Also, in view of the discussion herein, it is necessary to refine the 
6conceptual framework' presented in Ch. 7.3.7 further by the introduction of another 'lens', 
i. e. the lens of 'Output'. 
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Table 8.6: 
Changes in of hourly outputs (%) when increasing bed mortar joints 
(standard walls without chapparu) 
DATA: Length of wall: 3.5 m. 
Medium type sand; FI=1.1577; F2-F5 = 1.0; TS=TH=15mm 
Al-A5: Impact of BMT from 10 to 20 mm; 
Bl-B5: Impact of BMT from 10 to 30 mm 
Brick sizes for walls without chapparu (mm): 
Case 1: TW = 190; 190 x 92.5 x 45 Case 3: TW = 215; 215 x 105 x 45 
Case 2: TW = 200; 200 x 97.5 x 45 Case 4: TW = 225; 225 xI 10 x 45 
Case: 1 2 3 4 
Wall thickness (mm) 190 200 215 225 
Bricks Mortar Relaxn. 
Al. F F F 8.25 8.41 7.56 7.00 
A2 S Av. 0.28 (0.54) _ (1.71) (2.46) 
_ A3 Av. Av. Av. 7.06 6.93 5.93 5.28 
A4 S F Av. 12.09 13.41 12.88 12-53 
A5 S S 6.59 6.36 5.33 4.66 
_ 
B1 F F F 14.29 15.54 13.87 12.78 
B2 S Av. 0.48 (0.93) (2.93) (4.19) 
_ B3 Av. Av. Av. 12.23 12.65 10.75 9.53 
B4 S F 20.59 25.77 24.66 23.92 
B5 S S1 11.43 11.57 9.62 8.36 
Note: Negative values are shown within parenthesis. 
8.7 Coping with Chapparu 
8.7.1. In General 
As explained in Chapter 5.2.1.2, chapparu can be categorised into three types based on how it 
is used in practice viz. only on one side, on both sides, and on alternating sides. Whilst the 
first two types are common, the alternating type is uncommon. Incidentally, the latter type is 
referred to as the 'mata thunaP or the 'three for me' method, meaning that when a pair of 
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bricklayers work on either side, each encounters chapparu only once after three 'normal' 
courses. Of the three methods, the best appears to be the one with the chapparu on both sides 
as it is not necessary to plumb or align the bricks in the course with chapparu. Perhaps, its 
advantages are greater with respect to shorter walls in view of the larger time spent on I 
plumbing and levelling. Thus, the analysis undertaken adopts this method when calculating the 
hourly output of walls with chapparu. 
8.7.2 Comparing Outputs of Walls with the Smallest Buildable Chapparu 
In view of the comments made in the above section on the advantage of walls with chapparu 
on both sides, a study was made of this feature. The output of walls without chapparu was 
compared with the output of walls with the minimum buildable size of chapparu (i. e. 6 mm). 
The results are given in Table 8.7. 
Table 8.7: 
increase in hourly outputs with minimum buildable chapparu 
(as compared with walls without chapparu) 
DATA: F I= 1.1577; F2-F5 1.0; Medium type sand; TS = TH = 15 mm. 
Wall Combination 
Brick size width BMT S Av F S/F/Av F/S/Av 
190 x 92.5 x 45 190 10 (0.57) 0.43 0.43 4.09 (5.63) 
184 x 87 x 45* 20 (0.52) 0.39 0.40 3.93 (4.82) 
30 (0.48) 0.36 0.37 3.78 (4.21) 
200 x 97.5 x 45 200 10 (0.38) 0.65 0.62 4.48 (5.54) 
194 x 92 x 45* 20 (0.35) 0.58 0.57 4.29 (4.70) 
30 (0.31) 0.53 0.53 4.12 (4.08) 
215 x 105 x 45 210 10 (0.13) 0.93 0.88 5.03 (5.41) 
209 x 99.5 x 45* 20 (0.12) 0.83 0.80 4.80 (4-54) 
30 (0.1()) 0.75 0.73 4.58 (3.91) 
225 x 110 x 45 225 10 0.01.6 1.09 1.03 5.37 (5.33) 
219 x 104.5 x 45 _ 
20 0.014 0.97 0.93 5.10 (4.44) 
_ 30 0.013 0.87 0.85 4.86 (3.80) 
Negative values are given within parenthesis; Minimum buildable size ofchapparu =6 nim 
* Refers to walls with chapparu; All dimensions are millinietres. 
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The results in Table 8.7 show that the difference in output is negligible especially when 
working with average rates (see shaded area). The F/S/Av case, however, indicates a marginal 
decline; of course, the probability of such a scenario in practice would also be low. It may be 
shown that even when the brick size increases (say to 55 mm), the difference is still marginal. 
Thus, it may be concluded that when walls are built-with the smallest size of chapparu the 
difference is marginal. 
This conclusion is an important one, as it has partly countered the allegation that chapparu 
walls take longer to build (See Chapter 7.4.2.3). In fact, it has reinforced the strategy of using 
chapparu, to cope with the chaos without a negative impact on hourly output. Of course, it 
should not be forgotten that this conclusion is only valid with the smallest buildable chapparu. 
Whether this is so with even with larger values, is investigated in the next section. 
8.7.3 Comparing Walls With Chapparu and Those Without 
This aspect is investigated further by comparing simulated outputs of standard width walls 
with matching brick sizes (avoiding the need for chapparu) and walls with brick sizes yielding 
different sizes of chapparu ranging from 10 to 40 mm, in steps of 10. The hourly outputs were 
calculated (as before) using the method outlined in Section 8.4.2.2. The results so obtained 
are given in Tables 8.8. The following broad observations can be made from this Table: 
L The hourly output reduces as the size of the chapparu increases. The influence 
of the wall width is negligible. 
ii. The lowest decline is when activities are carried out at average rates. 
Ill. The impact of a 10 mm chapparu is insignificant with average rates of micro- 
activities except in the FIS/Av scenario (with BMT = 20 mm). 
iv. The impact of a 20 mm chapparu is marginal (<10.09%) at average rates of 
micro-activities. 
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Table 8.8: 
Percentage increase of hourly outputs of walls with chapparu. over those without 
DATA: 
Length of wall: 3.5 m; Medium type sand; F I= 1.1577; F2-F5 = 1.0; TS =TH= 15 mm 
Bed mortar thickness (BMT) = 20 mm. 
Brick sizes for walls without chapparg (mm): 
Case 1: TW = 190; 190 x 92.5 x 45 Case 3: TW = 215; 215 x 105 x 45 
Case 2: TW = 200; 200 x 97.5 x 45 Case 4: TW = 225; 225 x 110 x 45 
Brick size for' walls 
aru with chapparu , 'aru 
' 
] WT 
(mm) 
Chappara 
(Mm) 
Slowest Av. Fastest S/F/Av F/S/Av 
1 45 180 x 87.5 x 190 10 (3.50) (2.06) (3-09) 2.39 (10.50) 
170 x 82.5 x 45 20 (12.51) (10.09) (12.84) (5.36) (21.79) 
160 x 77.5 x 45 30 (20.17) (17.11) (20.99) 
- (12.30) - (30.65), 
150 x 72.5 x 45 40 (26.78) (23.32) (27.92) (18.58) (37.79)1 
2 190 x 92.5 x 45 200 10 (3.34) (1.88) (2.93) 
_ 2.17 (8.74) 1 
180 x 87.5 x 45 20 (12.27) (9.81) (12.63) (5.25) (19.27)1 
170 x 82.5 x 45 30 (19.85) (16.74) (20.72) (11.94) (27.71)1 
160 x 77.5 x 45 40 1 (26.40) (22.87) (27.59) (18.00) (34.64) 
3 205 x 100 x 45 215 10 (3.12) (1.64) (2.73) 
. 2.63 (8.53) 
195 x 95 x 45 20 (11.94) (9.45) (12-34) (4.69) (18.89) 
185 x 90 x 45 30 _(19.43) 
(16.26) (20.35) (11.27. ) (27.21) 
175 x 85 x 45 40 (25.88) (22.26) (27.15) (17.22) (34.05) 
4 215 x 105 x 45 225 10 (2.99) (1.50) (2.61) 2.91 (8.39) 
205 x 100 x 45 20 
_(1 
1.75) (9.23) (12.16) (4.36) (18.64) 
195 x 95 x 45 30 (19.17) (15.96) (20.13) (10.88) (26.89) 
185 x 90 x 45 40 (21.91) (26.89) (16.76) (33.68) 
Negative values are given within parenthesis; Minimum buildable size of chapparu =6 mm 
The impact of taller brick sizes and under-filled joints were also studied. Appendix 8.9,8.10 
and 8.11 show results of these investigations. The use of taller bricks increases the impact of 
chapparu. only marginally, whilst the impact of under-filled cross joints (i. e. at 3/4 full) is 
insignificant. 
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Therefore, it may be concluded that, if chapparu is used in moderation, its impact on hourly 
output is only marginal. Hence, the view that chapparu walls take too long to build could be 
refuted at small values of chapparu. (Also see Sections 8.8.2 and 8.9 for further analysis). 
8.8 Coping with Cross Joints 
8.8.1. The Size of Cross Joints 
An examination of walls used for the mortar consumption study reveal that the sizes of cross 
joints used in Sri Lanka are also large. For example, the average size of stretcher and header 
course joints (in walls used for mortar consumption studies) were 20.67 mm and 14.67 mm 
respectively. (See Table 3.4) Two main reasons can be cited to explain this: 
attempts to avoid the occurrence of joints in the same vertical plane and thereby 
maintain the standard quarter bond; and 
lack of dimensional co-ordination between the length/breadth dimensions of a 
brick and the length of the wall. 
Conventional brickwork require that bricks in alternate courses be laid with a lap to avoid 
joints in the same vertical plane. For example, when bricks are laid in English bond or in 
stretcher bond, cross joints do not fall in the same vertical plane. Consequently, these walls are 
considered to be strong. In contrast, if the Flemish bond is used, the bond pattern is such that 
some joints in overlapping courses fall in the same vertical plane; Accordingly, walls with 
such a bond arrangement is considered to be weaker. Such considerations are, nevertheless, is 
of no importance to this study, for reasons explained in Chapter 1.1.2 and thereafter. 
To illustrate the impact of avoiding joints in the same plane, consider a dimensionally 
uncoordinated brick size of 169 x 85 x 43 mm, similar in size to the brick manufacturer's 
preferred format of L--2B. In order to avoid joints in the same plane, with a quarter bond 
arrangement (as shown in Fig. 8.4), TS +L should be equal to 2B + 2HC. This means that TS 
and TH are in fact inter-related, in the event lap is to be maintained. 
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Quarter 
lap 
B 
Header COUrse 
Stretcher course 
TS 
L 
TH 
TS 
Fig. 8.4: 
Arrangement for maintaining non-verticality of joints with quarter lap 
Substituting the dimensions of the chosen brick, the relationships mentioned earlier reduces to 
TS =L+2x TH. 
If, TH is 10 mm (i. e. say a finger-size), then TS must be at least 21 mm. The length of the wall 
would have a similar effect in fixing initial sizes. Such situations may be avoided if preference 
is not given to the practice of maintaining a quarter lap as shown above. In view of the fact 
that both strength and visual appearance are not important (as explained before), there is no 
necessity to strictly confirm with the requirement of lap. Thus, bricks may be laid with an 
approximately constant joint size with the lap varying from brick to brick and course to course 
(see haphazard bond in section 2.3). In fact, if an extreme view is taken, bricks can even be 
laid without a cross joint, if there are advantages of doing so! There is much scope for 
improvisation, with the current situation. 
Clearly, to control these joints sizes effectively, it would be useful to adopt a 'flexible' 
approach to lap length, i. e. in favour of introducing 'flexibility' in the choice of joint sizes. 
The results of a simulated outputs where the stretcher and header course joints are reduced 
from 20 to 10 mm are given in Table 8.9. 
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Table 8.9: 
Increase in output (%) when reducing stretcher/header course j oi nts 
from 20 mm to 10 mm 
Brick size (mm) Wall BMT Combinat ion 
Chapparu =6 mm width (mm) (mm) S Av F S/F/Av F/S/Av 
184 x 87 x 45 190 10 12.03 12.68 15.47 3.23 
- 25.99 
194 x 92 x 45 200 12.84 13.52 16.33 3.96 26.57 
209 x 99.5 x 45 210 13.92 1 14.65 17.48 27.27 
219 x 104.5 x 45 225 14.57 
1 15.33 18.17 5.57 27.66 
Data in this Table confirm the initial assertion given in 8.4.1 that as the sizes of cross joints 
are reduced, the hourly outputs increase. In fact, it can be shown by a similar simulation that 
hourly outputs for 190,200,215 and 225 mrn walls could be increased by 31%, 33%, 37% and 
38% respectively, at average activity rates, by reducing the size of the joints from 20 mm to 
zero. 
Thus, the implication to practice is that a reduction in sizes of cross joints has the potential to 
increase hourly outputs, and vice-versa. 
8.8.2 Under-filled Joints 
It was explained in Chapter 5.5 that cross joints are not always completely filled. Average 
values recorded during the mortar consumption studies confirmed this assertion. (See Table 
6.6). The results of a simulated output with ajoint fullness factor of 75% ( excluding the bed 
joint), are shown in Appendix 8.8 With results similar to the above section. 
Thus, implications to practice are that under-filled joints results in a double 'advantage', with 
higher hourly outputs and lower mortar volumes; Such a situation may be achieved in practice 
by moving away from the conventional practice of 'shoving' mortar into joints to simply 
spreading mortar along the course allowing mortar to fall into the joint. However, it is noted 
that this practice may not be acceptable to industry. 
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8.9 Coping with Variations in Brick Size 
The focus herein is to examine the impact. of, the variation in brick size on a particular wall 
width. Accordingly, two aspects were studied; The first study, evaluates the changes in output 
by changing the brick size at constant height with respect to the four standard widths of walls 
and with three different sizes of bed joints (i. e. 10,20 and 30 mm). In effect, this amounts to 
varying the size of the chapparu (but not with a fixed brick size as analysed in 8.10.2). The 
results of this inquiry are given in Appendix 8.6. The main conclusion which can be drawn 
from this investigation is that if brick sizes are selected so that chapparu is kept to less than 
about 12 mm. (i. e. 1/2"), then the impact in the reduction in output is marginal. (See also 
8.7.3). 
It is also relevant to reflect on the BRE's study on the overall cost and labour requirement with 
respect to the use of different brick sizes (described in section 2.8) wherein it concluded that 
variances in these attributes due to changes in brick sizes were not significant. 
In the second study, the length and the breadth of the brick is kept constant and the height 
varied from 45 nun to 55 mm, with respect to two scenarios, i. e. walls with the minimum 
buildable chapparu of 6 nun, and walls double this amount (i. e. 12 mm). The results of this 
investigation are shown in Appendix 8.7. The main conclusion that can be drawn from this 
investigation is that, as the height of the brick increases, there is an increase in the output as 
well. At average rates, an increase of 10 mm (above a 45 mm brick height) results in an 
increase around 8% (irrespective of the width of the wall), whilst an increase of 20 mrn'results 
in an increase of around 16% when used with a chapparu of 6 mm. The difference in output 
when the chapparu is increased to 12 mm is insignificant with the increase dropping to around 
7%. 
8.10 Coping with Variations in Wall Width 
8.10.1 Walls without Chapparu 
In Chapter 7, it was recommended that wall widths be standardised at 190,200,215 and 225 
mm in order to cope with the variations in the wall thickness. The intention here is to assess 
the impact of these wall, widths on hourly outputs. The results of this investigation are given in 
Table 8.10. 
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The main observation which can be made from this Table is that, as the wall thickness 
increases, the time to build reduces. What really happens is that, although the time taken to 
construct the 'representative unit' increases, the increase in the volume is much greater as a 
result of using larger sizes of bricks. 
Conversely, it may be shown that by reducing the wall thickness, the time required to 
construct a unit volume of a wall would not be less, but in fact be more. 
Table 8.10: 
Percent increase in output (cu. m. per m. hr. ) of broader walls as 
compared with the output of a 190 mm wall 
Data: 
Length of wall: 3.5 rn. 
Medium type sand; Fl=1.1577; F2-F5 = 1.0; TS=TH=15mm 
Bed mortar thickness = 20 mm. 
Brick sizes for walls without chapparu (mm): 
Case 1: TW = 190; 190 x 92.5 x 45 Case 3: TW 215; 215 x 105 x 45 
Case 2: TW = 200; 200 x 97.5 x 45 Case 4: TW 225; 225 x 110 x 45 
Wall 2 3 T4 
Wall thickness (mm) 200 215 225 
Combination Bricks Mortar Relaxn. 
1 F F F 6.26 15.55 21.70 
3 S Av. 4.56 11.11 15.31 
5 Av. Av. Av. 6.32 15.66 21.80 
7 S 
_F 
Av. 7.75 19.54 27.50 1 1- 
9 S S 6.27 15.50 21.57 1 
8.10.2 Walls with Chapparu (with a fixed brick size) 
As before, widths of walls considered here are those prescribed in Chapter 7. A brick size of 
185 x 90 x 45 mm has been assumed, for reasons explained earlier. The chapparu. is at its 
largest buildable size when used for the 225 mm wall. The hourly outputs of walls are 
compared with respect to the 190 mm wall with the results given in Table 8.11. The following 
observations can be made from this Table: 
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unlike in the previous case, there is a gradual decline in the output as the 
thickness of the wall increases; 
ii. however, the decline in the output is marginal when working at 'average' rates. 
In other words, what can be concluded is that as the wall thickness reduces from 225 mm to 
190 mm, the time to construct a unit volume of wall with a brick size less than 190 mm (i. e. in 
length), reduces marginally. 
Table 8.11: 
Increase in hourly outputs (per cu. m. /m. hr. ) of chapparu walls 
compared with a 190 mm wall, when using a fixed brick size 
DATA: 
Brick size: 185 x 90 x 45 mm 
Medium type sand; FI=1.1577; F2-F5 = 1.0; 
Bed mortar thickness (BMT) = 20 mm 
TS=TH=15mm 
Combination Wall width (mm) 
Bricks Mortar Relaxation 200 215 225 
1 F F F (3.81) (8.44) (10.98) 
3 Ay. Av. ' AY. '- . 5.42)',, (7,12) 
5 S S S (4.68) (10.26) (13.26) 
S F Av (0.06) (0.15) (0.20) 
F S Av 1 (8.12) (17.05) (21.57) 
Negative values are given within parenthesis. 
8.10.3 Sub-contract Rates 
The results in Section 8.10.1 and 8.10.2 are useful as a basis for investigating why labour only 
trade-subcontractors, who usually quote per area or volume of wall do not qualify their rates 
with respect to either the wall thickness or the size of the brick. Assuming that labour cost per 
hour remains constant (i. e. as a result of the resource mix not changing) using data in Tables 
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8.10and8.11, it can be shown that the extent to which labour sub-contractors should adjust 
their rates with respect to wall width are as given in Table 8.12. ,, 
Consider data for walls without chapparu (or with the smallest buildable chapparu). A 
noteworthy feature is that, labour sub-contractors who quote in sq. m. and who adopt a wall 
width to match available sizes of bricks (thus minimising on chapparu), could easily cope with 
a single rate for all the four walls. It would be the same when sub-contractors select bricks to 
build with the smallest chapparu. As shown in the earlier section, and also seen from Table 
8.10, if the chapparu is kept below 15 mm, then the adjustment required would be marginal. 
(See shaded area in Table 8.11). Furthermore, data in Table 8.7 show that when the chapparu 
is less than 20 mm, the decline in the output (as compared with walls without chapparu) is 
marginal too. These observations explain to some extent the reasons why sub-contractors have 
not clarnoured to qualify their rates based on wall thickness or brick size. However, there 
could be other reasons too, such as profit maximisation. For example, a sub-contractor who 
quotes in cu. m. for a 190 mm, wall would also not have any problems of coping with a 225 
mm. wall, as it can be built faster, and consequently with less costs. 
Table 8.12: 
Indicators of adjustments for rates of labour sub-contractors 
with change of wall widths 
BMT = 20 mm; TS=TH=15; FI=1.1577 Wall width (nim) 
Medium sand. F2 to F5 = 1.0 Rate type 190 200 215 225 
Walls without chapparu Per cu. m. 10 0 94 0.86 0.82 
(or with minimum buildable chapparu) Per sq. m. '-100*, ýý101.0 102.2 102.9 
Walls constructed with a single brick Per cu. m. b2.5 
j 105.7 107.7 
size for all wall (i. e. with chapparu) Per sq. m. A00', ' i,,, J07. 119.1 128.2 
I 
Chapparu 
(mm) I. '' II "I ýý -- J"'I 
30 40 
Hence, a question that arises at this stage is, having recommended that wall widths be 
standardised at 190,200,215 and 225 mm (see Chapter 7), should sub-contractor's be 
required to qualify their rates based on wall width? 
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A fact that has emerged throughout this Chapter is that excessive use of chapparu reduces 
output and consequently increases costs. As so long as the chapparu is used in moderation 
(less than 15 mm. as seen here), it is unnecessary to differentiate the sub-contract rate, based on 
wall width. 
8.11 Strategies for Optimising Output 
8.11.1 A Review of Main Findings 
Indicators of time spent on micro-activities of brickwork were useful in making assertions on 
hourly output of brickwork, when combined with micro-activity rates. The rate of filling (i. e. 
spreading) bed mortar was found to be much faster than filling (i. e. shoving) mortar into cross 
joints. The rate of filling (i. e. plastering) chapparu was as slow as filling mortar into cross 
joints. 
The methodology of obtaining 'simulated outputs' was developed by resorting to a hybrid 
approach of coupling the 'activity sampling' technique and the methods developed under 
mortar consumption studies, with its roots to the technique of 'synthesis' in Work Study. It is 
an effective methodology for studying a host of other situations and could be refined further. 
Data relating to micro-activity rates were used to build up various scenarios, viz. 'slowest 
case', 'fastest case' and 'average case' and other combinations. The suitability of this 
methodology for studying the impact of the study variables has been demonstrated throughout 
the Chapter. 
The size of the bed joint is one of the principal variables in this study. Doubling its size from 
10 to 20 mm, results only in a marginal increase in hourly outputs. However, larger increases 
could be achieved by increasing the size of the bed joint further and also by developing a 
method to increase the rate at which mortar is used and also spread. 
When chapparu is used in moderation, the impact on hourly output is marginal; the difference 
in outputs between walls with a 10 mm chapparu (i. e., with 5 mm. on each side) and walls 
without chapparu is insignificant. When the chapparu is increased to 20 mm, the difference is 
marginal at average rates of micro-activities. 
Sizes of cross joints in the header and stretcher courses are inter-dependent due to the 
requirements of having to maintain 'lap'. As sizes are reduced, the output increases. When 
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bricks are placed contiguously the increase is significant; In order to optimise output, these 
sizes need to be controlled. This may be achieved by avoiding rigid compliance with the 
requirement of 'lap', so that joint sizes are independent of each other. The impact of under- 
filled joints are similar to the impact of smaller joint sizes. In contrast, it results in a double 
'advantage' of increased hourly outputs and less use of mortar; in practice, under-filling 
results from allowing mortar to simply fall into joints. Z71 
The size of the brick has an impact on output too. Whilst larger lengths minimise chapparu 
and consequently increase output, taller bricks have the same impact. 
8.11.2 A General Specification for Optimising Output 
These findings can now be used to propose a 'general specification' for optimising output (and 
for minimising any negative impacts): 
Minimise chapparu to < 10 inin by selecting a suitable brick. 
Increase bed joint to a 'convenient size' or a 'controlled size'*. 
Use small cross joints (by relaxing lap requirement). 
Avoid shoving mortar into cross joints (under filling). 
Select taller (i. e. larger) bricks. 
(* See chapter 7.3) 
Fig. 8.5: A General Specification for optimising hourly output 
8.11.3 Examining Combined Impacts: 'What-Ir Scenarios 
In order to illustrate the impact of the general specification given in section 8.11, few cases 
have been considered. Table 8.13 show the results of evaluations. 
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Table 8.12: 
Output indicators with average rates of micro-activities 
Ch.: Chappar Medium Sand; FI 1.1577 
TW I Brick size Ch. F2-F5 TH TS BMT Output 
Indicator 
IA 190 190 x 90 x 65 0 1 10 10 10 100 
0.75 107 
1 20 104 
0.75 20 110 
1 0 0 20 127 
111 190 184 x 89.5 x 45 6 1 10 1 
10 to 76 
20 82 
30 87 
10 0 20 1 85 
0 0 20 93 
0 0 30 97 
2A 215 215xlO2.5x 65 0 1 10 10 to 1'66ý, 
20 102 
0 20 109 
0 0 20 128 
2B 215 205 x 100 x 45 10 1 to to to 79 
20 84 
0 0 20 97 
0 0 30 100 
2C 215 205 x 100 x 55 10 1 10 10 10 82 
30 89 
10 0 20 90 
0 0 20 1 
30 
Case IA refers to a wall without chapparu. A 10% increase is achievable by changing BMT to 
20 mm and under-filling perpend joints by 25%. Case IB, refers to a wall with the smallest 
buildable chapparu but with a thin brick (i. e. 45 mm), 20 mm. shorter than the Case IA brick. 
The difference in output due to the thinness in the brick is evident by the output indicator. If 
the indicator is to be raised, one option would be to increase the bed joint to 30 mm, which - 
raises the indicator to 87. Another would to be select a taller brick. 
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Case 2C refers to a wall with a chapparu of 10 mm. but with a brick height 10 mm less than the 
Case 2A brick. To increase the output indicator, one option would be to increase the bed joint 
to 30 mm, which raises the output indicator to'89 from 82. Another would be to make the 
stretcher course cross joint to zero. In other words bricks would have to be placed 
contiguously. Current methods of holding the brick across (i. e. breadthwise) does not obstruct 
the placement of the brick in this manner. However, in the case of the header course cross 
joint, a gap between two adjacent bricks is usually required to allow space for the fingers. 
With the earlier option, (i. e. zero stretcher course cross joint) the indicator shows only one 
percent rise. If necessary, the bed joint could be increased to 30 mm which would raise the 
indicator further. However, if the header course joint is also made to zero, then the indicator 
rises to 102. No doubt, - this method of laying bricks is contentious. Nevertheless, further 
studies may be undertaken in view of its apparent advantages. 
8.12 Condusions 
The 'general specification' given in section 8.11.2 could be used as a guide for 
optimising hourly outputs. 
The 'conceptual framework' proposed for coping with the bed joint chaos needs to be 
refined by the introduction of the lens of 'output. 
Ill. When chapparu is used in moderation (<10 mm), the impact on hourly output is 
insignificant, under existing methods of construction. This justifies the strategy of 
using chapparu to cope with the chaos in wall thickness and brick size. ' 
iv. To exercise control on the size of cross joints, it is essential to avoid rigidly complying 
with the 'lap' lengths. The suggestion is to allow it to vary from brick to brick and 
course to course without exercising control on an exact size, so as to avoid the inter- 
dependency of cross joint sizes. 
V. In practice, under-filling results from allowing mortar to simply fall into joints without 
making an effort to shove mortar into them. 
vi. The simulation procedure could be used for evaluating different options with further 
developments. 
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CHAPTER NINE 
THE IMPACT ON COSTS: 
THE PAST, THE PRESENT, AND THE FUTURE 
9.1 Introduction 
In an increasingly commercial world, it is not surprising that issues connected with costs take 
centre place in triggering decisions. However, with regard to Sri Lankan brickwork, the 
chaotic status-quo prevails (as explained in Chapter 3) with little knowledge on how the 
different variables impact on costs; Thus, it is of vital importance to examine the impact of the 
study variables on costs in search of strategies for coping with chaos in Sri Lankan brickwork. 
Brickwork is an activity which is extensively sub-contracted both in the formal and informal 
sectors of the construction industry. These labour only 'trade' sub-contractors do not 
differentiate their rates either with respect to the size of the brick or with respect to the wall 
thickness (Abeysekera and Munsinghe, 1996). It appears, therefore, that the impact of study 
variables such as joint sizes, brick size and wall thickness are not significant enough to induce 
clients to qualify their rates accordingly. Furthermore, it should be noted that when trade 
subcontractors are used, any variations in the study variables would not generally have an 
impact on the overall cost of brickwork. 
Otherwise, the situation at hand is complex. The chaos in the study variables., the prices of 
materials and labour, their instability, contractual provisions, the arrangements for 
procurement, procedures for estimating, the emerging future, goals of decision makers and the 
like all come into play when decisions have to be made with respect to costs. The case studies 
given in Chapter 4, reinforces this comment. How, then can contractors and consultants cope 
with such situations? 
One approach would be to compute total costs in each and every situation to assess their 
impact using computer models. However, it would be of much greater value, if it was possible 
to identify 'intrinsic' cost related features which would facilitate this process and in turn make 
decision making much simpler and logical in a complex environment which is constantly 
changing. This is the aim of this Chapter. 
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9.2 The E'nierging Future and Price Movements 
9.2.1 Ili-ice Movements in the Past to the Present 
The publication ofcost indices of basic construction materials were undertaken by the Central 
Bank ofSri Lanka until the late 1980s. This database was completely destroyed in 1995 due 
to the civil disturbances in the country. The work of the Central Bank was duplicated by the 
Statistics Unit of the Pro-granirning Division in the Ministry of Housing and Construction 
which published a 'Statistical Bulletin' giving similar information. Investigations by the 
researcher revealed that the Statistical Unit's data were more reliable than the Central Bank's 
data due to a large sample size. With ICTAD commencing its construction cost database in 
1990, the work of this unit (including staff) were assigned to ICTAD. Unfortunately, as a 
result of these developments, some of the statistical bulletins relating to the pre 1990s were 
lost. However, with the information available in these statistical bulletins, ICTAD's data base 
and other sources, a time series was constructed in order to obtain a general picture of the 
movement of material prices (in and around Colombo). These plots are shown in Fig. 9.1 
whilst the data used are given in Appendix 9.1 
Price Movement of Cement, Sand and Bricks 
(I) 
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Fig. 9.1: General movement of material prices 0 
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The rapid rise in the prices commenced after the liberalisation of the economy in 1977. This 
rapid rise continued until 1994 when the situation changed significantly, from a rapid growth 
to a decline, with respect to sand and bricks, mainly due to the lull in the construction industry 
with a change of government in late, 1994. It is also seen that the rise of the prices of bricks 
and sand has been much greater than cement. 
9.2.2 Issues Related to Cement 
Currently, there is only one type of cement manufactured in Sri Lanka, which is commonly 
referred to as ordinary Portland Cement or OPC (Type 1). The demand is met through local 
manufacture, and imports to supplement shortfalls, with the latter being cheaper though of 
dubious quality. The situation, especially during the last two to three years has been very 
unstable with the price of cement fluctuating significantly due to imbalances in the supply 
and demand situation. (See Appendix 9.2) During the period of June '95 - June '96, the price 
of cement varied from Rs. 245/- to 350/- per 50 kg. bag, a variation amounting to as much as 
40%. As a result, some contractors tend to use the upper bound for estimating rates (to 
minimise risk of escalation). In formal construction with contractual provisions for cost 
reimbursement, such a practice would amount to a double advantage when used with cheaper 
OPC cements. The price of cement varies regionally too. For example, a cement manufactured 
at the Puttalarn Factory (located 132 kms north of Colombo), can increase by as much as 14% 
due to transport costs. (See Appendix 9.3) 
In view of the varying high price of OPC cement, masonry cement was introduced to the local 
market (i. e. manufactured locally) in April 1979 at an ex-factory price of Rs. '19.50. At this 
time OPC was marketed at Rs. 45.00 per 50 kg. bag. (Data for Costing, 1980, p 2.7; 
Chandrakeerthi, 1980, p. 36). However, after a few years in use, it was withdrawn from the 
market to eliminate adverse consequences arising out of reported adulteration of expensive 
and stronger OPC cement with cheaper and weaker masonry cement. However, Dr M. E. 
Joachim (Secretary, Ministry of LGH&C) disclosed to the seminar on Sustainable 
Construction Management' organised by the author at the OUSL in 1993 that, as the 
importation of masonry cement was not banned by the Government, if necessary, it could be 
imported to Sri Lanka. However, neither the private sector nor the government sector has 
taken any initiatives to introduce (i. e. to manufacture or import) cheaper masonry cement or 
similar cements (Kulasinghe, 1995, Bogahawatte, 1996), perhaps, due to the low profit 
tumover for importers. The status-quo prevails, in a state of indeterminacy on a suitable type 
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of cement for brickwork although there is a strong possibility of bringing the costs down. 
Thus, the future is uncertain with the possibility of significant changes in price of cement due 
to number of reasons; the possibility of cheaper substitutes, 'instability'in the prices due to 
shortages (or even 'pseudo' shortages); prices changes due to changes in exchange rates; 
government's policy on import duties, and changes in the external environment with respect to 
imports. 
9.2.3 Issues related to Sand 
In Sri Lanka, the traditional source of sand supply for construction has been the rivers from 
which'sand is 'harvested'. There are four different types of sand in use (as explained in section 
5.7) and the price does not vary generally with type. Purchasing sand from the open market is 
problematic and would have an impact on the 'real' price of sand (see section 3.13.1). Sand 
to a large extent is a 'free' resource (being harvested from rivers). As such haulage accounts 
for the largest component of its cost. Hence, the extraction levels at 'harvesting' sites closest 
to demand centres (cities and suburbs) have been heavy. Sand 'harvesting' is a labour 
intensive operation and mechanical mining is rare. Nevertheless, fears have been expressed 
that 'continued extraction of sand ... at present rates would pose severe environmental 
problems with respect to the coastal and river regimes' (National Sand Study of Sri Lanka- 
NSS, Phase 1,1992, p. 1.2)., Not surprisingly, efforts have been made to regulate sand mining 
(especially during the last decade) though monitoring and enforcement has been weak. 
Suggestions have been made to explore alternative sources (NSS, p. 2.8), especially 
sustainable sources (Aggregate Production Study, 1993, p. 56), and to maintain a balance 
between abstraction of sand and its 'production' from river basins. These attempts would no 
doubt have a bearing on price and any attempt to forecast prices in the years ahead (i. e. in the 
long term) would be futile in such an environment. 
However, to forecast price changes in the short term for example due to weather patterns are 
less difficult. The sand prices increase during monsoonal periods when rivers are too deep for 
sand mining. The months of May-June, and especially the months of October-November are 
periods when such increases are likely to take place. In fact, these are periods where the 
elasticity of the 'price hike' is checked by the suppliers with attempts to accelerate escalation, 
and then resist its deceleration (depending on demand) when the supply picks up. (See 
Appendix 9.2 for spikes in graph). A common practice adopted by financially strong suppliers 
is to stockpile sand during the dry periods and sell it at a higher price during wet periods with 
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the added advantage of the effect of bulking associated with rainy periods (see 3.13.1); 
However, similar attempts by construction contractors are infrequent, perhaps due to 
restrictions in the availability of space at ý sites and due to price reimbursement clauses in 
formal construction contracts. However, as to what may happen in the long term, is largely 
unpredictable for reasons given herein. 
9.2.4 Issues related to Handmade Bricks 
Bricks used in Colombo were divided into four broad groups depending on size. (See Chapter 
3). It was also stated that there is a ready market for small size bricks from the 'Kochchikade' 
area, being cheaper and being more freely available than other bricks. 
Like sand, clay mining is essentially a labour intensive operation (though not free) in almost 
all parts of the country except in the areas where these small size Kochchikade bricks are 
produced. The main source of supply of bricks to Colombo has been and still is from this area, 
and not surprisingly, the mining process has become mechanised to meet the demand for clay, 
not only for bricks but for tiles as well. In order to mitigate environmental impacts of such 
mechanised activities which change the environment drastically over a very short period, a 
mechanism had to be developed to restore the clay mines to the state before mining. The new 
Mines and Minerals Act No. 33 of 1992 explicitly identifies mining of clay for building 
materials as a mineral resource requiring a royalty payment to the state. Accordingly, 
excavators have to obtain an industrial mining licence with the posting of a mine restoration 
bond. The impact of such a bond and the cost of refilling has been estimated to be around 19- 
28.5% (Ranasinghe, 1996). The rapid increase in the prices of bricks since 1993/94 (see Fig. 
9.1) is due to this new development and the floods in 1993/94. 
However, this rapid rate of price increase stabilised after the change of government in 1994, 
with a decline from around April 1995. The main reason for this decline has been the low 
volume of work in the construction industry. It is foreseen that this situation may bring about a 
decline in the size of the brick in order for brick manufacturers to retain existing profit 
margins. 
Whilst this reflects the position of the smaller bricks (i. e. Group 4, see section 3.1), the 
situation is somewhat different with the larger Group 3 bricks where some of the bricks come 
from the Kaduwela area (being located in a different river basin). The clay mining is 
essentially a manual activity in this area. As the pits are shallow the mine restoration bond 
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does not appear to apply either. The impact on the environment is not as severe as in 
mechanical mining. Thus, there is a difference in the factors of production of two principal 
areas supplying bricks to Colombo. A question that arise therefore is, as to whether it would 
ever be possible to have one standard size (as laid down in the SLS for bricks), when two 
areas with different factors of production supply the same type of product, differentiated by 
size. 
As for the Group 2 brick, referred to as the 'standard brick, is in short supply mainly due to 
low demand, whilst the Group I brick which is 'extra-large' is rarely used. In fact, these 
bricks are produced at the moment for a. niche market and are much more expensive than 
Group 3 and 4 bricks. (See Appendix 9.4) 
Coupled with production difficulties especially due to resource scarcities connected with the 
production technology (see section 3.2.5), and the differences in factors of production in 
different areas, and many more, makes predicting the movement of prices in the long term 
future an almost impossibility, especially in an emerging future. 
9.2.5 The Need for Dynamic Approaches 
The discussions above highlight the difficulties of predicting the future especially the long 
term future based on the knowledge of the uncertainty that prevails. In such an environment, it 
is logical to presume that static solutions (say a standard joint size) cannot be cost effective. 
An examination of the past would provide supporting evidence and is the reason for 
examining it in the ensuing sections. The dynamics of the situation is such that many factors 
affect costs and they change with time. Furthermore, they vary from site to site, region to 
region and within sites as well and the situation is indeed complex. In a complex environment 
such as this, it is reasonable to doubt the efficacy of static solutions; In fict, such solutions 
need to be rejected in favour of adopting a dynamic approach to coping with the chaos in 
costs. 
9.3 The Dynamics of Material Costs 
9.3.1. In general 
Discussions with personnel involved in estimating at ten construction companies and two 
property development companies revealed a number of factors which affect material costs. 
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Amongst the factors were; locality of project, wastage of materials, contractual provisions for 
reimbursement of costs due to price fluctuations, risks involved, site conditions, proximity to 
material sources, capacity of conventional material sources to cope with demand, attitude of 
consulting engineers and architects, shapes/lengths of brick walls and project duration. (See 
Appendix 9.5-9.7 for interview guide, names of companies and for a detailed description of 
the factors). However, none of the contractors mentioned the problems associated with 
bulking of sand at point of sale and eventual use (See section 3.13.5); Whilst large companies 
appear to take into account such factors, discussions with medium to small construction 
companies (i. e. Grade 3 and below) revealed that at times 'market oriented strategies' were 
adopted for pricing, such as those explained by Harris & McCaffer (1977), Yanoviak (1985) 
& Pandita (199 1). 
In contrast, discussions with consulting engineering/architectural firms revealed that they 
rarely, if ever, took into account the 'specifics' related to brickwork costs; Instead their 
estimates were based on a generalised set of rates to cater for a wide variety of situations; The 
'Data for Costing' published by the Dept. of Irrigation, the Building Schedule of Rates (BSR) 
published by the Ministry of Local Government, Housing & Public Utilities, the Schedule of 
Rates published by the Plantation Housing and Social Welfare Trust (PHSWT) are documents 
with such an approach to costing. Obviously, these highly generalised estimates are of dubious 
accuracy. 
9.3.2 This Study 
9.3.2.1 The Total Cost of Materials 
The method adopted to compute the total cost of materials per cubic meter of wall is given 
below: 
Total cost of materials = Volume of mortar x unit volume cost of mortar + 
Volume of bricks x unit volume of cost of bricks 
Volume of mortar referred to herein is not the 'volume in place' but the 'volume after mixing' 
of mortar (i. e. before filling into joints); Accordingly, the unit volume cost of mortar must 
necessarily refer to this 'state' of mortar. The volume of mortar was computed by using the 
RUM formula given in section. 5.6.1.2 which was then deflated by the volume of the 
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$representative unit' (i. e. the cuboid) to arrive at the total volume of mortar in a cubic metre 
of wall. A similar procedure was adopted for the computation of the volume of bricks. 
9.3.2.2 Unit Volume Cost of Mortar & Bricks 
The cost of a unit volume of mortar depends on mix proportions. If the mortar mix is LN (i. e. 
for every portion of cement, N portions of sand), it could be expressed as: 
f DF/(I- (WnVI00)) )/ Nx EPct +I DF/(I- (Wm/100)) )x EPs 
where, 
DF = Dry factor (see sections 5.7.3 and 6.8), 
Wrn = Percentage of wastage in mortar; 
EPct = Effective price of cement per unit volume; and 
EPs = Effective price of sand per unit volume 
If the wastage of bricks, cement and sand is Wb, Wct and Ws respectively, and the bulking of 
sand at source is BF, then the effective prices of bricks, cement and sand could be shown to be 
equal to 
Pb/(l-Wb/100), Pct/(I-Wct/100) and Psx(l+BF)/(I-(Ws/100)), 
respectively. Pb, Pct and Ps are the purchase price of bricks, cement and sand delivered to 
site. Long term averages quoted by the bricklayers were used for Wb, Wm, Wct and Ws. (See 
Appendix 9.8) However, in practice, it needs to relate to the situation at hand. For example, if 
Kaduwela bricks are to be used, the percentage of wastage must necessarily refer to these 
bricks. 
9.3.3 The Impact of Mortar Mixes 
Many different types of mortar may be used for brickwork. For example, in the Code of 
Practice for Structural Use of Masonry (i. e. BS 5628), four categories of mortar are specified, 
based on strength and serviceability requirements with appropriate mixes (Table 1, p. 4). As 
explained in section. 7.4.3.1, issues related to serviceability, such as resistance to rain water 
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penetration (walls plastered in Sri Lanka), ability to accommodate movements (low 
temperature cycle), resistance to frost attack (no frost being a tropical country) etc. are not 
issues of importance. Nor is strength (essentially non-load bearing), and as such cement lime 
mixes as weak as 1: 2: 9 or cement sand mixes as weak as 1: 8 could be used without any 
problem. However, in Sri Lanka, lime is rarely used in mortars for brickwork mainly because 
of its high cost although it may emerge again in the future if lime mining is carried out cost 
effectively. (Kulasinghe, 1996) 
The mortar mixes used in Sri Lanka has varied over time, moving from lime and sand mortars 
to cement and sand mortars. Discussions with eminent industry personnel revealed that it was 
common to use 1: 5 lime sand mixes in the early parts of this century. When cement was 
introduced to Sri Lanka around 1930s (Kulasinghe, p. 16), the use of cement, lime and sand 
mortars had emerged, not necessarily out of economic considerations. However, during the 
last decade (due to high cost of lime as stated before) there has been a shift towards the use of 
cement sand mixes varying from 1: 5 to 1: 10, often using 1: 5 or 1: 8 for single brick thick 
walls. Thus, the type of mortar used has changed with the emerging future depending on the 
economics prevailing in an era. This phenomenon is not a new experience, as examination 
into mortars used in ancient construction show similar lessons (Silva, 1982) 
An examination of the ICTAD Specification for Buildings Works (Sri Lanka) show that 
mortars for brickwork are specified according to the thickness of the wall (differentiating only 
between half brick thick walls and others) and also on whether the wall is below or above 
ground level. The weakest mortar mix pen-nitted is 1: 8 cement sand or 1: 2: 9 cement, lime and 
sand with OPC cements and 1: 5 with masonry cements. In fact, the strength of mortar is of 
little importance to brickwork, as it is the crushing strength of the unit and its size that matter 
(See Table 2 of BS 5628: Part 1: 1978, p. 7). For example, in India, cement sand mixes as 
weak as 1: 9 is being used even in situations of heavy loading in the order of 60-80 
tonnes/sq. m. (Khanna, p. 12/14); For medium loading conditions, cement is not even used. In 
fact, mud mortar (which is cheap) is being used with 'second class' bricks in India (Vazirani, 
p. 47). Similar mortars have been mooted for use in Sri Lanka too as a means of reducing 
cement consumption (Kulasinghe, Chairman, Central Engineering Consultancy Bureau, 1996, 
p. 15). But as to whether society at large would accept such usage is doubtful. 
Thus, once again what transpires is the uncertainty of the future, not only in relation to 
material prices, but on mortar mixes as well; Literally, what is used today may not be used 
tomorrow, not necessarily out of rational considerations. Thus, prescribing static solutions to 
an emerging and unpredictable future is too rigid an approach to be pursued successfully. 
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9.3.4 The Instability and the Sensitivity of Material Costs 
The past has lessons for the future. It also provides evidence of foregone opportunities and the 
like. As such, it is useful to examine, the movement of total material costs. Accordingly, data 
relating to the past two decades were examined and in doing so three scenarios were 
considered: 
Scenario 1: Walls with standard joint sizes, i. e. where the bed joint, the cross joints of the 
header and stretcher courses were all taken as 10 mm each. (i. e. BMT= TH = 
TS = 10 min); 
Scenario 2: Walls with average joint sizes, using average values observed with respect to 
mortar consumption walls (i. e. BMT= 17.11; TH = 20.87; TS = 14.87 mm) 
Scenario 3: Walls with large joint sizes, using maximum values observed with respect to 
mortar consumption walls (BMT= 25.49, TH= 25.41, TS = 37.43 mm) 
The cost indicators were computed by dividing the cost of the wall by the cost of 'base' walls, 
which were taken to be the walls relating to Scenario 1. Two different mixes were also 
considered, viz. 1: 5 and 1: 10. The plots so obtained are shown in Fig. 9.2. 
Consider the walls with the 1: 5 mixes. The relevant plots show that walls with large joints 
have always been costlier except in 1994. It has peaked in 1982 with cost difference of around 
20% (i. e. with a cost indicator of 120). Thus, if a contractor used large joints instead of small 
joints, he would have lost an opportunity to reduce his costs by as much as 20%! 
However, walls with a mix of 1: 10 mix show somewhat of a contrasting picture. Here, if 
larger joint sizes were used, then the walls would have been cheaper except for the period 
from about 1979 to 1987, though only marginally. The difference has eventually peaked in 
1994 and has reduced thereafter. Thus, in 1994, if a consultant specified the use of smaller 
joint sizes, it would have been over expensive. The situation would have been the same in the 
pre 1979 period. 
These discussion show that material costs exhibit the following characteristics:; They 
i. display instability; and 
ii. sensitivity to changes in mix proportions. 
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Variation of Total Material Costs of Walls with Different Joint Sizes 
Compared with Walls with BMT=TS=TH=10 mm with Mortar Mixesof 1: 5 and 
1: 10 
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Fig. 9.2: Material cost indicators of walls with different joint sizes 
compared with costs of walls with standard joint sizes 
What are the implications of these observations to practice? For example, if the difference in 
cost is marginal, then a consulting engineer may continue specifying the use of the smaller 
standard sizes (if the practice has been so). On the other hand, as it does not bear on cost (and 
on strength) the sizes may not be specified at all. However, take the case of walls with 1: 5 
mixes where the difference is significant. Now, if this was known to a contractor, surely, a 
20% difference would have compelled the use of small sizes. 
With different sizes of bricks, different sizes of joints with different degrees of joint fullness, 
different wall widths, and now different mix proportions, how could decisions be made as to 
what constitute optirnality? And if optimality can be achieved would the situation be 
sufficiently compelling to move towards it'? Should the practice of specifying standard joint 
sizes prevail? Is it necessary? What is the impact of chapparu? These are some questions that 
need to be answered. In order to do so, it is necessary to delve deeper in the search of 
'intrinsic' cost features, by seeking answers to the 'why' of the 'instability' and 'sensitivity to 
mortar mixes'. Before, this is attempted, it is useful to first examine the impact of labour costs 
on the total cost of brickwork. 
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9.4 The Impact of Labour Costs and 'Cost Homogeneous' Outputs 
As explained in section 1.1.2, sub-contracting in brickwork is widespread and as such this 
study focuses on such work. It was pointed out that as sub-contractors do not vary their rates 
based on the study variables (which are unknown to them at the time of agreeing rates) these 
variables could be varied without any impact on costs. Furthermore, it was seen in Chapter 8 
that the changes in the study variables do not lead to major changes in the hourly output; in 
fact, the impacts are only marginal (except when bricks are laid without cross joints). Its 
importance from a cost perspective diminishes further when its impact is assessed with respect 
to the overall cost of brickwork. (See Fig. 9.3 and Appendix 9.13); The cost of materials to 
labour ratio in Fig. 9.3 shows a minimum of 3.5 in 1996 and a maximum of 4.72 in 1994, with 
an average of 3.90 (i. e. with a 1: 8 mix). This means that, a 25% change in output could bring 
only about a 5% change in costs; In other words, it may be stated that the fluctuations in 
output are to a large extent 'cost homogeneous', a concept which is discussed In detail later. 
Furthermore, it was shown in Chapter 2 that there is scope for improving hourly outputs 
which means that costs could be brought down further, perhaps to a level where labour costs 
become even less important. 
Variation of Material Cost to Labour Cost Ratio 
Lab S/c (Residential Construction); Mix 1: 8; 
TW=225mm; BMT=17.41; TS=20.87; TH=14.87 
5 
4 
3 
2 
1 
0 
III 
1988 1989 1990 1991 1992 1993 1994 1995 1996 
Fig. 9.3: Variation of material costs to labour cost ratio 
What is of importance to this study is the fact that s ub-con tractors do not vary their rates with 
respect to the study varlables. 
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9.5 Decision Rules for Cost Manipulation 
9.5.1 Cost Densities 
'Cost Density' is defined herein as the 'cost of a unit volume' of a material or a product made 
out of materials. It may refer to bricks, cement, sand, mortar or brickwork. As would be seen 
later, this measure was particularly useful in searching for 'intrinsic' reasons for the 
'instability' and 'sensitivity' exhibited by the 'total material cost per unit volume' time series. 
As brickwork costs were made up of the cost of bricks, cement and sand, a study of the 
movement of the cost densities of these materials over time was made. Having failed to find 
any specific reasons, it was decided to examine the cost densities of bricks and mortar. In 
doing so, it was necessary to make a distinction between the 'mixed state' and the 'in-place' 
volume of mortar, as the latter was in a denser state than the 'mixed state' mortar. (See section 
6.6.4. ) 
Accordingly, what needs to be compared with the cost density of bricks is the cost density of 
'in-place' mortar and not 'mixed-state' mortar. The former would depend on joint sizes, the 
degree of joint fullness, the type of sand used, the wall thickness and the brick size. However, 
as an approximate estimate, the following procedure was adopted to calculate the volume of 
'in-place' mortar. 
It was shown in section 6.9.2 that the proportion of bed mortar (compared with the total 
volume of mortar) could vary from about 65% to 90% depending on the size of the brick used. 
Consider the lower bound of 65%, where (say) 0.65 cubic meter of mortar is in the bed joint 
and 0.35 cubic meter of mortar is in other joints. Then the 'mixed-state' volume of mortar was 
computed (as before) by using the RUM method for medium sand. Accordingly, the 'Mixed- 
state' volume could be shown to be equal to 1.10 12 times the 'in-place' volume. This means 
that the 'mixed-state' volume could be computed by multiplying with a factor of 
approximately 1.1; This factor was 1.14, for the upper bound of 90%, and is only marginally 
different. As such, this factor (hereinafter referred to as the 'compound factor for in-place 
mortar') was taken as I. I. The cost of 'mixed-state' volume was then computed as shown in 
section 9.3.3.2. 
Whilst, the above procedure refers to the process adopted for computing the cost density of 
mortar, the cost density of bricks was computed by dividing the effective prices by its size. 
For this purpose, it was necessary to establish the average size of bricks in different years, 
which are as given in Appendix 9.6. The plots of the cost densities of bricks and mortar are 
shown in Fig, 9.4. 
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9.5.2 Deriving Decision Rules 
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Fig. 9.4: The variation of cost densities of bricks and mortar (from 1969-1996) 
The following observations can be made: 
From about 1992, there has been a rapid rise in the cost density of bricks; 
From about 1979 to 1983 it more or less the same as that of the 1: 10 mortar 
graph. 
The cost density of bricks graph rises steadily cutting across the mortar graphs, 
in somewhat of a cyclic nature. (Compare brick graph with 1: 5 and 1: 6 mortar 
graphs. ) 
The reason for rapid rise in the first observation was due to the rapid rise in the cost ot'bricks 
(as explained in section 9.2.1) and also due to the decline in the size of the brick (see 
Appendix 9.6) . 
These factors combine together in accelerating the rate of rise in the cost 
density of bricks. 
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The third observation explains the intrinsic reasons for the 'Instability' and 'sensitivity' 
mentioned in section 9.3.4. For example, it was pointed out that walls with large joints with a 
rnix of' 1: 5 has always been costlier except in 1994. This scenario is portrayed clearly in Fig. 
9.4 with the cost density of brick dropping below the cost density of 1: 5 mortar. Thus, it may 
be concluded that when the 'cost density of bricks' is greater than the 'cost density of mortar' 
it is cheaper to construct walls with large joints. 
This conclusion can be translated into a set of decision rules as follows: 
RULE 1: 
When the 
COSTDENSITY OF 
BRICKS > MORTAR 
substitute bricks with mortar (i. e. use large joints) 
in order to make the wall CHEAPEIZ. 
RULE 2: 
When the 
COST DENSITIES ARE EQUAL 
NO significant reductions can be made by manipulating the 
volumes ol'bricks and mortar. 
RULE 3: 
Wheii the 
COST DENSITY OF 
BRICKS < MORTAR 
substitute mortar with bricks (i. e. use small joints) 
in order to make the Nvall cheaper 
Fig. 9.5: Decision Rules 1- 3 for cost optimisation/manipulation 
Reflecting on Decision Rule 2, it suggests that, unless there is a considerable difference 
between the cost densities, any changes in the bricks to mortar ratio may not bring worthwhile 
savings in costs. This aspect is examined in the ensuing section. 
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9.5.3 The Cost Polarity of Bricks and Mortar: The Universality 
A measure which is of central importance to this study is 'Cost Polarity'. This is defined as 
the ratio of the cost density of bricks to that of mortar. A value equal to I indicate that there is 
no cost difference between bricks and mortar and hence no polarity. The larger the variance 
from 1, the greater is the polarity. The manner in which this measure was used for 
investigating the cost dynamics is explained in the ensuing sections. 
The variation of the volume of bricks/mortar ratio (BMR) was investigated in section 6.11. 
When the size of the bed joint varied from 5 mm to 30 mm, results in Table 6.19 showed that 
the BMR varied from 11.88 to 0.72. However, if the bed joint size range was narrowed to 10 
to 25 mm, the BMR range reduced from 5.79 to 0.82 with the former relating to SLS bricks 
with a standard joint size of 10 mm, and 0.82 relating to local small bricks with WT=220; 
BMT=25; TH=14-67; TS=20.87 mm. In fact, this ratio could have reduced further if the sizes 
of cross joints in the header and stretcher courses were increased. However, for the purpose of 
this investigation, the variation was limited to 1.0 to 5.0, as it would represent majority of the 
cases. The procedure adopted was to compare the cost of walls with BMRs of 1,2 and 3 as 
with the cost of a wall with a BMR ratio of 5.0 which was approximately similar to values of 
4standard' walls. (For reasons of adopting BMRs of 1,2 and 3, see Table 6.18). This procedure 
was repeated for different values of cost polarities. The results are shown in Table 9.1. The 
following equations were used for these computations: 
Total cost of material (TC) Volume of bricks (Vb) x cost density of bricks (CDb) + Volume of 
'in-place' mortar (Vm) x cost density of 'in-place' mortar (CDm) 
Therefore, % increase I-( (Vb2xCP + Vm2) / (Vb I xCP + Vm 1)) ]x 100; 
where, 
CP (i. e. cost polarity) CDb / CDm; 
BMRi Bricks to mortar ratio for the Tth set of values; 
Vbi BMRi/(I+BMRi); and 
Vmi 1/(I+BMRi) 
It can be seen from Table 9.1 that a polarity of around 1.2 is sufficient to bring savings in 
material costs greater than 5% with a shift to a BMR ratio of 1.0 from 5.0. Furthermore, Fig. 
9.6 shows that as the polarity increases, reductions increase too (i. e. curvilinearly) with a 
marginal drop in its rate as it increases. Similarly, when the cost polarity is less than 1 (i. e. 
when cost density of brick is less than mortar), a polarity of around 0.85 is sufficient to bring 
savings in material costs greater than 5%; The relevant values are givenin Appendix 9.11 
280 
Ch. 9- The Impact Oil Costs 
whilst its graph is shown in Fig. 9.7. These led to the identification ofthree principal decision 
rules for cost optirnisation/manipulation and are presented in Fig. 9.7; Their 'universality' 
emerge from the fact that these decisions rules are valid irrespective of whether its applied in 
Sri Lanka or any other country, in the present or in the future. 
Table 9.1: 
Percentage reduction in material costs when compared with a bricks/mortar ratio of 5.0 
With different cost polarities (>I) of bricks and mortar 
Case 1 2 3 4 5 
CP 1.1 1.2 1.3 1.4 1.5 
'9 -MR 3 2 1 3 2 1 3 2 1 3 2 1 3 2 1 
- % Red. 0.8 1.51 3.1 1.4 2.9 5.7 2.0 4.0 8.0 2.5 5.0 10.0 2.9 5.9 8 111 
ffa -se 6 7 8 9 10 
E-P 1.6 1.7 1.8 1.9 2 
-M- -R 3 2 1 3 2 1 3 2 1 3 2 1 3 2 P 
Vo Red. 33 6.7 13.3 3.7 7.4 14.7 4.0 8.0 16.0 4.3 8.6 17.1 4.6 9.1 9.1 18.2 
Note: For cost polarities < 1, see Appendix 9.11 
Reduction in Costs with More Mortar 
Cost Density of Bricks > Cost Density of Mortar 
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Fig. 9.6: Cost reductions in material costs with cost polarity >1 
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Reduction in Costs with Less Mortar 
Cost Density of Bricks < Cost Density of Mortar 
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Fig. 9.7: Cost reduction in material cost with cost polarity <I 
RULE 4 
Ifthe Cost Polarity is outside the range 0.8-5 - 1.20, 
savings > 5% can be achieved by manipulating 
the BMR 1rom 1.0 to 5.0 or vice versa, as appropriate. 
RULE S 
If, however, 
the Cost Polarity is within this range, 
a change in BMR has INSIGNIFICANT impact on costs. 
RULE 6 
If the Cost Polarity is outside the range 0.75 - 1.40, 
savings greater than 5% can he achieved by manipulating 
the BMR from 5.0 to 2.0 or from 2.0 to 5.0, appropriately. 
Fig. 9.8: 
Decision Rules 4-6 for cost optiiiiisition/iiiaiill)Lllttion, 
Tile 'Universality' 
1.1 
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Note that one of the easiest ways of manipulating BNIR is by changing the size of Joints. 
9.5.4 The Variation of Cost Polarity Over Time 
Variation of Cost Polarity of Bricks and Mortar 
w ith Mix Proportion 
2.50 
2.00 
1.50 
U) 
1.00 
0.50 
Mix = 
Mix = 1: 12 
Mix = 1: 8 
Mix = 1: 5 
/N 
0.00 1 -- A-- --. 11 ý. -, .-1 
1965 1970 1975 1980 1985 1990 1995 2000 
Calendar Year 
Fig. 9.9: 
Variation ol'cost polarity with respect to mix proportion over time 
The thick horizontal lines in Fig. 9.9 represent polarities of 0.85 and 1.2. The situations which 
do not fall within this range refer to walls where the BMR Could have been manipulated to 
achieve a cost saving of not less than 5%. A lack of knowledge of such situations would 
amount to lost cost opportunities. 
Examination of polarities related to 1: 8-12 mixes for 1996 show that there is opportunity to 
reduce costs by using larger joint sizes. However, when the mix is 1: 5, there is no advantage 
of using either large or small joints. 
In view of the chaos in the proportioning of mortar (see reference to lower and upper bounds 
in section 3.13-5) the plots in Fig. 9.9 show the importance of correct proportioning of mortar 
with respect to cost reduction strategies. However, there may also be situations where correct 
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proportioning is of marginal importance for cost reduction, especially when the cost polarities 
of mixes fall within 0.85 and 1.2. The various factors affecting cost polarity are given in 
Appendix 9.12. 
9.5.5 Demonstrating the Use of Decision Rules 
Three cases are presented herein to illustrates the dynamics of the situation at hand. 
Case 1: This is a multi-storey office building in the heart of Kurunegala (a populous 
city 93 kms north-east of Colombo). Bricks in this region are comparatively large. The mix 
specified was 1 of cement to 5 parts of sand and the wall width was specified as 225 mm. The 
contractor purchased cement from hardware shops in the town; Although three brands were 
available, viz. Mitsui, Sanstha and a Chinese brand at Rs. 305/-, Rs. 325/- and Rs. 330/- per 
50 kg bag respectively, only Sanstha was allowed by the Engineer. Sand and bricks were 
delivered to site by contractors' suppliers (1996). - 
Case 2: A private client was building his own house in Colombo with labour only sub- 
contractors with a rate of Rs. 800/- per square. All materials were purchased from a reputed 
hardware shop. Brick sizes varied, with an average of 187 x 94 x 48 mm. The walls were 
approximately 218 mm. The mix used was 1: 8. Bulking at delivery was found to be 0.1 
(1996). 
Case 3: This case involves the construction of a five-star luxury hotel for a holiday 
resort in the North Central Province. Although bricks were manufactured in this area, local 
sources could not meet the daily demand of around 5,000 bricks. As such, bricks were 
transported from Kochchikade at a transport cost of Rs. 1/- per brick (including unloading). A 
load of bricks, which was approximately 199 x 98 x 55 was Rs. 1,650/- at the kiln (including 
loading charges). Sand was purchased from local sources. Cement was transported from 
Colombo with a delivered price of around Rs. 225/- per bag. Specified mix was 1: 8 with a 
wall width of 225 mm. Labour only sub-contractors were engaged at a rate of Rs. 700/- per 
square. (1994). 
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Brick sizes, mixes and wall widths 
Length (mm) Breadth (nun) Height (mm) Mix Wall width (nun) 
Case 1 222.2 95.1 55.9 1: 5 225 
Case 2 187.3 '94.5 48.0 1: 8 218 
Case 31 199 98 55 1: 8 1 225 
Brick sizes in cases I&2 refer to 'unit averages'. 
Dly factors: Type of sand: Medium; Dry factor = 1.061 
Basic prices of materials delivered to site (in Rs. ) 
Bricks/1000 Cement/50 kg bag Sand/Cube Bulking at delivery 
Case 1 1,400/- 330/- 666.67 0.20 
Case 2 1,5001- 300/- 11000.00 0.18 
Case 3 2,650/- 250/- 500.00 0.05 
Wastage factors: 
Bricks Sand Cement Mortar 
Case 1 7.5% 5% 0% 1.5% 
Case 2 7.5% 5% 0% 1.5% 
Case 31 10% 1 5% 1 0% 1 1.5% 
Joint scenarios 
BMT(nun) TH (nirn) TS (mm) F I F2 F3 F4 F5 
Scenario 1 10 10 10 - 1(1.1577) 1 0.85 0.85 0.5 
Scenario 2 17.11 20.87 14.67 l(I. 1577) 1 0.85 0.85 0.5 
Scenario 3 25.4 37.43 25.41 10-1577) 11 0.85 0.85 0.5 
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; RESVLTS, FOR DKISiON! M'AkW6 
Cost densities & polarities 
COST REDUCTION 
Cost Density Cost Pola- Decision criterion: Cost polarity between 0.85 
Bricks Mortar rity CP) and 1.2, no potential for significant savings. 
Case 1 1,281.30 2,586.70 0.50 CP << 0.85. Much opportunity. Use small 
joints. 
Case 2 1,908.70 1,789.25 1.07 0.85 <CP<1.2; Not possible. 
Case 3 2,745.12 1,289-16 2.13 CP >> 1.2; Much opportunity: Use large 
I I . 
joints. 
iRIEFY ,G 
RESULTS C VE 
Cost densities of brickwork Us. per cu. m. ) 
Joint Scenario 
1 
Scenario 
2 
Scenario 
3 % Reduction Remarks on reduction 
Case 1 1,630.26 1,764.97 1908.41 17.1% Significant. Reduce joint sizes. 
Case 2 1,850-67 1,846-10 1 1,869.21 1 - No change. 
Case 3 2,284.41 2,148.08 1 2,044.01 1 10.5% 1 Significant. Increase joint sizes. 
i. Volumes of mortar calculated by using the RUM method. 
ii. Also see Fig. 9.6: Decision Rules 1-3 and Fig. 9.8: Decision Rule 4-6. 
The decision criteria adopted in the above section is justified by the results seen herein. 
-USSION"OF RTHE9, DISC RES I 
LTS' 
It is necessary to examine the impact of these choices on hourly outputs. The chapparu in Case 
I is small (i. e. 2.8 mm), and therefore the impact is insignificant (see section 8.7.3). The 
reduction in output due to the use of a smaller bed joint is expected to be nullified by the 
smaller cross joints which has a positive impact on output. (See section 8.8.1). As explained in 
section 7.3.4.3 (i. e. a theory on brickwork joints) and section 7.3.7 (i. e. an Optician's 
approach to bed joint size), use of smaller joints would require control. If, this is not possible, 
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a shift towards the use of average size would still bring considerable savings than using large 
joint sizes as CP<<0.75 (See Decision Rule 6). For other considerations, see section 7.3.7. 
In Case 2, the chapparu is large (i. e. 31 mm) and its'negative impact on output is not marginal, 
as it is greater than 20 mm. (See section 8.7.3). However, as sub-contractors were used, the 
impact would not be felt by the client. The sub-contractor could use large bed joints and small 
cross joints to achieve higher hourly outputs and thereby minimise the impact of using a large 
chapparu. (See section 8.11.2). ,, 
As for Case 3, the chapparu is -greater 
than 20 mm, and may have a considerable negative 
impact on output (>10%). Once again, as sub-contractors were used, the main contractor is 
shielded against any changes in costs. As discussed in Case 1, use of larger joints (not smaller 
joints as therein), needs control. If necessary, joint sizes which are neither small nor large may 
be used (i. e., without exercising control). As the CP>>1.4 (see Decision Rule 6), even with a 
push towards the use of average joint sizes, considerable savings can be achieved. 
These cases, therefore, illustrate in no uncertain terms, that there is opportunity for reducing 
costs whilst optimising hourly outputs, by seeking a 'dynamic approach' to joint sizes rather 
than a 'static' approach of prescribing a standard size; The Decision Rules are thus of 
practical value in this respect. 
9.6 Coping with Chaos 
9.6.1 Brickwork Joints 
The thrust of the manipulation in the preceding section was between the volume of mortar and 
the volume of bricks based on their cost polarity. With regard to mortar, one method of 
manipulation is through changes in joint sizes; Of all the joints, including chapparu, the bed 
joint is necessarily most significant due to the large proportion of mortar in it (See section 
6.9); And in order to cope with the chaos in the bed joint, a conceptual framework was 
proposed in section 7.3, wherein the concept of a 'cost effective' joint size was mooted. The 
findings in section 9.5, has established beyond doubt that this is relevant. Hence, the 'cost 
effective' lens therein is justified by the findings in this Chapter. Furthermore, it needs to be 
pointed out that the claim made against chapparu, i. e. that it leads to a waste of expenditure 
(see section 7.4.2.3), is baseless. It is so, only when the cost polarity is less than 0.85. When 
the cost polarity is between 0.85 and 1.2, the impact is insignificant; and when it is greater 
than 1.2, there is advantage to use more chapparu in order to reduce costs. 
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The cost effectiveness advocated herein is essentially 'dynamic' in nature; It is borne out of 
chaos, as a strategy for coping with it, by harnessing it's advantages. Given the emerging 
nature of the future which is largely unpredictable, this strategy is only logical; The 'Decision 
Rules' developed in this Chapter have made the 'complexity' of the situations, a relatively 
easy task to cope with. 
9.6.2 The Brick Size and its 'Economic Chaos' 
The lack of an easy and effective methodology to assess the impact of the chaos on costs, has 
resulted in what was referred to as the 'economic chaos'; Reference was made to this issue in 
section 7.5.3 where it highlighted the need to develop a methodology to assist the selection of 
a suitable brick size from the point of view of economy. Questions such as, which brick size 
to select?; should a large size or a small size be selected?; should it result in a larger chapparu 
joint?; should a brick be purpose made, must be answered. 
The size of the brick could be used as much as brickwork joints to regulate the volume of 
mortar used. For example, a smaller brick, would result in more volume of mortar than when 
using a larger brick. But, how could the Decision Rules developed in this Chapter be applied 
for such decision making? In order to answer this question, it is first necessary to introduce 
the 'competitive price density'. 
9.6.2.1 Competitive Price Density 
To explain what is meant by this term, consider the following question: Given the price and 
the size of a particular brick, how much could be paid for a brick of a different size, so that 
there is no change to the cost? The answer would depend on the width of the wall, joint sizes, 
the mix to be used, the arrangements for labour and the like. For example, consider the costs 
associated with the use of a small brick. If it is to be compared with a large brick, then the 
comparison must necessarily look into the cost of the volume of mortar and bricks required to 
fill the space of a large brick. In other words, this is the price that needs to be compared with 
the 'effective price' of the competitor brick. It is this idea that is used for computing the 
4competitive price density' of the small brick with respect to the large brick. 
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Then, it may be shown that when the labour rate is the same for both bricks the 'competitive 
price density' of the small brick is given by - 
CDbkwk x (1 - (Wn/100)) 
wh6re, ""-II- 
CDbkwk is the material cost density of brickwork; and 
Wn the wastage factor for the new brick expressed as a percentage 
Vn, the volume of the new brick.. 
If it is necessary to arrive at the 'competitive price' it may be multiplied by the volume of the 
large brick. (Note: The approach in Case Study 2 in Chapter 4 is somewhat similar though 
inferior. ) 
In order to illustrate the application of this method, consider Case I data with a wall thickness 
of 225 mm, a mix of 1: 5 and a joint scenario no. 1. Then the 'competitive price' of the Case I 
brick when compared with the Case 2 brick would be Rs. 1,2871.18 per thousand (i. e. 
1,630.26 x (I - 0.075)x 187.3 x 94.5 x 48 x 1000/( 109)1. In fact, it is less than the price of the 
Case 2 brick which is 1,5001-. Therefore, the Case 1 brick would be economical to use. 
9.6.2.2 Applying Decision Rules 
Case I- Cost Polarity between 0.85 and 1.2 
There is no impact on costs as so long as the CP of the bricks lie within this range although 
larger/taller bricks may be selected for the increasing hourly output. 
Case 2: Cost Polari! y < 0.85 
Three sub-cases need to be considered as shown in Fig. 9.10 (for the purpose of applying the 
decision rules). - 
In sub-case 1, use large brick. 
In sub-case 2, use larger brick. 
In sub-case 3, first establish the 'minimum' buildable joint sizes. (See section 7.3). From the 
available sizes of bricks, select the brick with the least cost density. Thereafter, establish 
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'competitive' prices. If the price is less than the price of the new brick, continue with the base 
size. If not, select new size. 
WHICH? 
Sub-case 1: Equal cost densities: 
Sub-case 2: Cost density of large brick less: 
Sub-case 3: Cost density of large brick greater: 
Small 
CD= 10 CD= 10 
CD= 10 CD=8 
CD= 10 CD= 15 
Large 
Fig. 9.10: 
Cost density scenarios for brick selection 
Case 3: Cost Polarity > 1.2 
In sub-case 1, select the small brick. 
in sub-case 3, select the small brick. 
in sub-case 2, first establish the 'largest' buildable joint sizes. (See section 7.3). From the 
available sizes of bricks, select the brick with the least cost density. Thereafter, establish 
'competitive prices'. If less than the price of the new brick, continue with the base size. If not, 
select the new size. 
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9.6.2.3 Coping with Difficulties 
The procedure mentioned in Section 9.6.2.2 may be used with relative ease except for sub- 
case 3 situations, especially if the choice of selection has to be made from a large number of 
bricks. In which case, it will be easier to make this decision by examining the total cost 
picture (as shown in item B of Section 9.5.4). A computer spreadsheet (as used in this study) 
would be helpful. 
9.6.3 Estimating Brickwork Costs 
The conventional method adopted by industry for estimating the cost of brickwork is to use 
$standard norms' as explained in section 3.9. These norms do not take account of industry 
situations mainly due to the chaos in the study variables. Consequently, the estimates are 
grossly inaccurate. The current chaos demands a complete change in the estimating procedure. 
Standard norms have no place in an environment where there are no 'standards. The strategy 
therefore, should be to have a dynamic approach to estimating based on the methodology 
given in Section 9.3.2. This procedure can be simplified further when the cost polarity is 
between 0.85 and 1.2 by simply multiplying the volume of the wall by the cost density of 
either bricks or mortar or by the average of the two. 
The Decision Rules given in -this Chapter could be applied for arriving at a 'least cost' 
estimate as well, which would in turn increase competitiveness, especially in projects where 
brickwork costs are significant. 
9.6.4 The Cost Homogeneity 
The discussions in Section 9.5.3 established an important decision rule for dealing with chaos. 
It was shown therein that as so long as the cost polarity is within 0.85 and 1.2, chaos in the 
study variables on the overall cost of materials is negligible (i. e. < 5%). This means that 
variations in brick size, the bed joint size, the cross joints, and chapparu do not have a 
significant impact on costs, when the cost polarity is within the range mentioned above. This 
feature may be referred to as the 'cost homogeneity' of brickwork. The implication to practice 
is that when there is cost homogeneity there is hardly any need to control the bricks to mortar 
ratio with respect to costs. 
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9.7 Summary 
Many factors affect costs and they change with time. The future, especially the long term 
future, is unpredictable. Furthermore, the situation vary from site to site, within sites and from 
region to region too. As such, it was argued that static solutions cannot lead to cost 
effectiveness. The examination of the past confirmed this. 
'Instability' and 'sensitivity to mortar mixes' were features exhibited by material costs when 
plotted over time. Analysis with 'cost densities' of bricks and mortar led to the identification 
of 'intrinsic' reasons for these features; These in turn led to the development of a set of 
decision rules for coping with chaos through a process of cost optimisation/manipulation. 
These initial decision rules were based on whether the cost density of bricks was greater than 
or less than mortar. For example, it was shown that when the cost density of bricks were 
higher, it would be economical to use more mortar for constructing walls. However, these 
decision rules failed to indicate whether there would be significant cost savings by moving 
towards the situations indicated by them. 
Subsequent development of three 'Decision Rules' for cost optimisation/ manipulation based 
on the values of 'cost polarity' (i. e. Decision Rules 4,5 and 6) overcame this deficiency by 
quantifying the reductions with respect to cost polarity. These decisions rules were the feature 
of 'Universality' in costs. Two ranges, based on a cost reduction of not less than 5% were 
identified with respect to two changes in the bricks to mortar ratio (BMR), i. e. from 5.0 to 2.0, 
and from 5.0 to 1.0; It was shown that such changes could be brought about by adjusting the 
sizes of joints (especially the bed joint) and/or by selecting appropriate sizes of bricks. The 
concept of a 'competitive price density' was also another feature that had to be developed for 
effective use of these decision rules to cope with the 'economic chaos' of brickwork. 
These decision rules are a major breakthrough in coping with economic aspects related to 
chaos and are suitable for use in situations where labour sub-contractors are employed and/or 
in situations where the labour cost is marginal; They relate to 'intrinsic' cost features of 
brickwork and are time independent. They lead to 'dynamic, solutions for minimising costs, 
as for example by appropriate changes to the bed joint size. Such changes call for 'flexibility' 
on the part of industry. Their usability for minimising costs and their validity were also 
demonstrated through application to real situations. 
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Cost homogeneity in brickwork is a feature ern I bodied in these decision rules, despite the 
heterogeneity of material prices; Cost homogeneity also means that variations in brick size, 
the bed joint size, the cross joints, chapparu do not have a significant impact on costs within a 
certain range'of values of polarity as given earlier; The implication to practice is that, as so 
long as the situation at hand is such, then there is hardly any need to control the bricks to 
mortar ratio from a cost perspective. 
The environment in which decisions have to be made is 'complex'; Complex because of the 
unpredictability of the future; the chaos in the study variables as profiled in Chapter 3; the 
diversity of the factors which affect choices; and the goals of many who make these choices. 
Industry cannot escape from the reality that they have to learn to cope with such complexity. 
The simplicity of the 'Decision Rules' developed in this Chapter are a simple and 
implementable approach to coping with this complexity. 
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CHAPTER TEN 
CONCLUSIONS AND RECOMMENDATIONS 
10.1 Introduction 
This study originated with the objective of recommending strategies for coping with the 
perceived 'chaos' in Sri Lankan Brickwork due to the variations in joint sizes, brick sizes and 
wall thickness with respect to single brick thick walls which are non-load bearing or carrying 
light loads. These walls are characterised by the fact that they are always plastered on both 
sides as explained in Chapter 1. 
Investigations revealed that the local situation deferred significantly from norms of organised 
industry. The word 'chaos' which simply means 'disorder' or 'utter confusion' aptly describes 
the local scenario; Its features and characteristics were portrayed vividly in Chapter 3 and by 
the case studies in Chapter 4. In view of its many links to and interactions with other issues, 
the situation at hand was described as complex. 
10.2 The Main Conclusion 
To 'cope with chaos' means leaming to manage chaotic situations in an 'emerging' future; 
Outcomes must be engineered; Decisions must be made knowledgeably; And pure chance has 
to be eliminated. It is in this perspective that the word 'cope' has been used in this study. The 
end result would then be 'order' - an outcome which is achieved wisely. 
Many would perceive that the only route through chaos is the 'standardisation, route. This is 
similar to adopting the 'single best solution' approach to problems - an approach which is 
essentially static. Neither does this study find favour nor condemn this process altogether, but 
points out, however, that there is not much promise in it; Prescribing static solutions in an 
emerging and unpredictable future is perceived to be rigid. Opportunities for cost optimisation 
may be forgone too. Perhaps, those who take this route have structured views and could only 
see one side of the picture; There is another side to it. That is the side which deals with the 
snon-standardisation' route. 
The many syndromes given in Chapter 3 highlights the difficulties encountered in the 
sstandardisation' route; It calls for the co-operation of the many who are either directly or 
indirectly involved; Perhaps one may query: "How can industry ensure the use of a standard 
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size brick? " Providing an answer to this question is as difficult as answering questions as 
"What makes people march to the same drummer? " or "How to get human beings to flock the 
same as birds? " (Learning-org-digest VI #1110-11 on the Internet, 1996). These are certainly 
intriguing questions and throw light on the difficulty of finding the way through the 
standardisation route. By all means, industry may pursue this route, but this study concludes 
that there is a different route - the non-standardisation route through chaos; A route which has 
never been explored. 
Taking this radical route means, learning to cope with chaos, capitalising on the opportunities 
presented, engineering and managing outcomes, and using its inherent flexibility and 
dynamism to advantage. 
10.3 Recommendations for Coping with Chaos - The Non-Standardisation Route 
10.3.1 The Route through Chaos 
The 'route map' given in Fig 10.1 is a culmination of the findings and conclusions reached in 
this thesis, and is intended to show visually the route to be taken via the 'knowledge centres' 
(consisting of strategies); For details and refinements, reference has to be made to the text 
itself although an attempt is made herein to make this task easier by providing an explanation 
of the salient features of the 'knowledge bases'. 
The Focus on the Wall: The centre of this map is occupied by the 'wall' which is the focus of 
this study. The need to standardise the wall width and the justification for doing so was 
presented in Chapter 7. The methodology adopted for identifying standard wall widths bearing 
on features of 'rationalisation', 'competitiveness' 'demanded size range', 'familiarity of 
bricklayers' were explained in section 7.4.3. On this basis, widths of 175,190,200,215 and 
225 mm were established; widths 225 and 200 were preferred widths whilst the 175 mm was 
eliminated as explained in the text. This approach would also eliminate many problems 
arising due to the misconceptions on wall width (see section 7.4.1 and 3.14 ) 
n the Bed Joint: Of all the joints in single brick thick walls (in fact 
five in all), the bed joint emerged as one of the most important joints from the point of view of 
mortar consumption, often accounting for more than 65% of the volume (if mortar in 
brickwork, and with extreme values of around 90%. (See Chapter 6. ) The 'Geometry of 
Order' shown in Fig 7.8 and discussed in section 7.3, shows the 'route' for coping with bed 
joint chaos. The 'order' is achieved through a process analogous with an optician's 
methodology of arriving at a prescription for a visual impairment. Seven lenses were 
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proposed, namely the 'cost effective lens, the 'dimensional performance lens', the 
'buildability lens', the 'convenience lens', the 'output lens', the 'implementation lens', and 
the 'feedback' lens. This is a dynarnic approach (as against the static approach of specifying a 
standard size) with the option Ofcost optimisation, by varying the size of the bed joint. 
................................ ................................... --- ......................... 
Fig. 10.1: 
The Route Map and the Knowledge Centres 
The 'Geometry of 
Order' in the Bed Joint 
I I 
The Intervening 
Limit 
The Chapparu 
Flexibility 
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The Bricks to Mortar Ratio (BMR) Man & the 
Proportion of Mortar in Bed Joint (PMB) Maps: Whilst the BMR map shows the sensitivity of 
the bricks to mortar, ratio with respect to changes in the brick size and size of joints, the PMB 
maps show the impact of the size of the cross joints and the brick size on the proportion of 
mortar in the bed joint. These maps which are shown in sections 6.10 and 6.12 are useful in 
gaining knowledge on general directions and on practical implications for implementation. 
The Chapparu Flexibility: The chapparu, on the other hand, though consuming less mortar, 
provides the necessary flexibility for dealing with the 'physical chaos' in bricks. Its case for 
retention was argued in Chapter 7 followed by further examination in Chapter 8 (output) and 
in Chapter 9 (costs). These post-examinations identified 'strategies for optimising' its use in 
view of the allegations of its undesirability with respect to time and cost issues; This method 
of laying bricks may be labelled as 'Chapparu Brickwork. It needs to be introduced to the 
world at large, as a 'new' method of laying bricks which provides much flexibility in coping 
with irregular sizes of bricks. -With an adaptive and on-the-job-trained labour force, this 
method is sustainable in Sri Lanka. 
The In order to enable the construction of walls with standard widths, in an 
environment of declining sizes, an 'intervening limit' was established utilising the concepts of 
the 'flexible range', 'prescribed range' and the 'desirable production range. This limit was 
fixed at 185 mm. (See section 7.5. ) If the size of the brick dropped below this size (as is the 
case currently), it is necessary to intervene by putting into motion a 'negative feed back' 
system as explained in section 7.5.2. 
The Outp tt Specification and the Scenarios Manager: The 'general specification' for output 
optimisation given in Fig. 8.5 provides directions on different routes through chaos and 
indications of the impacts. In contrast, the 'what-if scenarios' manager is useful for evaluating 
the combined impacts of specific choices. 
The Jniversality of Costs: There is 'universality' in the route through chaos; It is a concept 
which embody 'intrinsic' features related to material costs of single brick thick walls built in 
English bond; Its validity in the future will be as good as it is today (or as good as it was in the 
past). The features of 'universality' are expressed by a set of 'decision of rules' (or 
guidelines) based on the concept of 'cost polarity'. (See Fig. 9.8. ) These 'rules' facilitate the 
decision making process in a complex environment as it eliminates the need to specify actions 
(or routes) to be taken for each and every scenario that unfolds. Cost optimisation (or 
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otherwise) is achieved utilising these rules, and by manipulating the bricks to mortar ratio. A 
4scenarios manager' could assist this process, if necessary. The solutions are indeed dynamic 
and vary with prices, mortar mixes and the like. In order to cope with what was referred to as 
the 'economic chaos' of the brick, these decision rules have to be used in conjunction with the 
concept of 'competitive price density'. One of the most significant feature embodied in these 
rules is the concept of 'cost homogeneity'. It means that the chaos in the study variables have 
no impact on costs within a certain range of values of 'cost polarity' (i. e. when its between 
0.85 and 1.2). The implications to practice is that, as so long as the situation is such, there is 
hardly any need to control the volume of bricks to mortar ratio from a cost perspective. The 
simplicity of these decision rules are remarkable with respect to their ability to cope with 
complexity. 
Order: How could the 'route map' be used to reach 'order'? Whilst it is necessary to impart 
knowledge so that it may be used wisely, the entrance to the route may be from any of the 
'knowledge centres'; it is inherently flexible. It also supports the notion that people prefer 
choices when making decisions. But, it can be used with a 'point-by-point' plan. A user who 
is cost conscious, may enter the route, through 'universality' and then proceed to 'geometry of 
order' and followed by others. The user, having gone through only these two centres, may 
decide to go directly to 'order', although it , 
would be desirable to go through one full cycle so 
as to ensure that the 'order' achieved is not partial. 
10.3.2 Broad Implementational Issues 
Inherent in this 'route' is that Industry has to change the technical specification for brickwork 
ideally by deleting the requirement for specific joint sizes and specific sizes of bricks when 
dealing with walls which are plastered and non-load bearing (or lightly loaded). In built in this 
approach is the choice of cost effectiveness. 
The current chaos demands a complete change in the procedure adopted for estimating 
brickwork costs. This study shows just how this could be achieved by utilising the concepts of 
cost density and cost polarity. Also, standard phraseology adopted in describing brickwork in 
bill of quantities as 'single brick thick walls' has to be changed to include the wall width. 
The difficulties of implementing procedures related to conventional material reconciliation 
statements were highlighted in Chapter 3. This methodology needs to be changed to one of 
reconciliation of overall volumes with respect to the volume of wall rather than attempting to 
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reconciliation of material volumes; As for bricks, there is a need to shift from quantities 
measured in numbers to a volume based measure. 
Incorrect proportioning of mortar mixes may also have a significant impact on costs. As such, 
much care needs to be exercised in this activity, by taking into account the phenomenon of 
bulking. However, it may be shown that when there is cost homogeneity, the sensitivity in 
costs to changes in mortar mixes is low. 
In computing the cost densities and cost polarities it is necessary to focus on the 'cost at use' 
by taking into account of contextual factors; Computations related to bricks must be based on 
unit averages and not on bulk averages. 
In view of the declining size of the brick, there may be a possibility in the future, for labour 
only sub-contractors to quote rates based on a 'per brick' basis. This shift should not be 
encouraged for many reasons; First, the focus is not on the end product, i. e. the wall; Second, 
one of the main conclusions of this study is the need to focus on the wall; Third, this method 
'does not relate to standard methods of measurement; Fourth, it introduces additional work for 
making payments etc., and finally, it introduces more chaos. 
The procedures that can be adopted for actual implementation on a construction project may 
be gleaned in general through the case studies presented in Chapter 4 by superimposing 
findings and conclusions of Chapters 7,8 and 9; In this regard Case Studies 2,5 and 6 may be 
. recommended as of special importance. 
An effective communication strategy has to be designed to address both the formal and 
informal sectors of the construction industry. 
10.3.3 The Implications of Chaos Theory 
Two observations can be made'with respect to the study of 'chaos' on the scientific front; 
Firstly, scientists have found underlying order in apparently chaotic phenomena; Secondly, 
they have attempted to bring order in chaotic systems by an external impetus. However, the 
chaos studied in the scientific front was found to be different to the chaos in Sri Lankan 
6rickwork as explained below. 
299 
Ch. 10 - ... and Recommendations 
Brickwork activities in formal construction is expected to evolve over time based on a set of 
'rules' (i. e. as per contract documents, etc. ). In this sense it is a dynamic system. (See Chapter 
2. ) As the outcomes'differ (i. e. walls of different widths) even with the same inputs, it is non- 
linear. Thus, it may be viewed as a non-linear dynamic system as also explained in Chapter 2. 
But as to whether it is deterministic (as in scientific chaos) is doubtful; The situation is such 
that, it is difficult to predict always as to what the next outcome will be (say the wall 
thickness), even in the short term; A change in the brick size, does not necessarily bring a 
massive change in the final outcome either. These observations negate the fundamental 
character of 'sensitive dependence on initial conditions'. Also, unlike scientific chaos, it is 
always controllable; It is also not the case where 'the small that can produce the great'. For 
example, neither the changes in hourly outputs (in Chapter 8) nor the changes in the material 
costs (in Chapter 9) suggest anything to this effect, as happening always. Similar arguments 
can be adduced with respect to the other concepts of universality, the paradox of data, orderly 
disorder, narrowing down of the causality principle, etc. Thus, the conclusion that can be 
made from this study is that, as far as the brickwork sub-system is concerned, a one to one 
correspondence cannot be found. 
However, the concepts emerging from the chaos theory could be used symbolically - or 
conceptually, as both systems are in a way non-linear dynamic systems, as shown earlier. For 
example the reasons for labelling, the conceptual framework proposed for coping with bed 
joint chaos in section 7.3.7 as the 'geometry of order, and the 'decision rules, given in 
sections 9.5.2 and 9.5.3 as 'universality', were due to the influence of chaos theory. 
10.4 Implications to the 'Standardisation Route' 
joint sizes: The standardisation route includes not only the standardisation of the brick, but 
also the joints. This rigidity precludes opportunities for cost optimisation. For example, this 
study showed that costs could be minimised by manipulating the volume of bricks to mortar 
ratio; Changing the size of the bed joint is one method of doing so. (See section 9.5.5. ) 
Whether to increase or decrease its size is indicated by cost polarity, as explained in section 
9.5.3. Hence, even when the standardisation route is taken, it is useful to adopt a flexible 
approach with regard to the bed joint size, for walls which are plastered and non-load bearing 
(or lightly loaded). The hourly outputs could also be increased, if this flexibility is available. 
(See Chapter 8). 
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The above mentioned approach invalidates the importance of the dimensional co-ordination 
principle. This is plausible in view of the other advantages mentioned above. The 
'dimensional flexibility' of the brick (as against, say of a clay tile) facilitates such an approach 
too. (See sections 7.3.6 and 7.4.3.1). Furthermore, the discussions related to 'a theory on 
brickwork joints' suggests that bricklayers prefer neither small nor large joints. These indicate 
that there is a case for adopting a dynamic approach to bed joint size even when taking the 
&standardisation route. 
Wall widths: As the Sri Lanka Standard on bricks recognise only one standard size, 
conventionally there is only one standard width of wall associated with it (i. e. 220 nun). There 
is no justification for this, and different sizes of wall widths may be used as argued before. 
However, there needs to be a rationale for identifying different widths; The methodology 
developed in this study is useful for resolving such issues. (See section 7.4.3. ) 
Standard brick sizes: This study shows that it is possible to construct a 225 mm wall with a 
215 mm. brick; a 215 mm wall with a 200 or 190 mm brick; or even a 225 wall with a 190 mm 
brick; This flexibility is achieved through the use of 'chapparu brickwork'. (See section 7.5. ) 
Does this mean that the SLSI should change the standard size to 190 mm, from the current 
220 nun? Will the brick manufacturers confirm with this size? Or would it be desirable to 
have two or more sizes in view of socio-economic implications? (i. e. due to brick 
manufacturing being a cottage industry and as a result of different areas manufacturing 
different sizes). What about issues related to hourly outputs? Furthermore, discussions reveal 
that, issues related to costs are rarely considered when Standards are formulated. This is 
indeed a major shortcoming, as evidenced by the findings of this study. These discussions 
show the difficulty of reaching consensus on a suitable size(s). However, the findings and 
conclusions reached in this study provide useful inputs for resolving such issues. 
10.5 Study Boundaries and limitations 
Possible further expectations from this study could have related to the coverage of issues with 
respect to half brick thick walls. Nevertheless, the concepts and methods developed in this 
study could be readily extended for researching the impact of chaos on such walls; The 
examination of such walls were beyond the scope of the original objectives. 
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The framework for this study was fixed by the prevailing environment in Sri Lanka. 
Accordingly, the study focused on work which was carried out on labour sub-contracts and 
where the labour costs were low when compared with material costs. It confined itself to the 
use of the English bond except for a brief examination of the stretcher bond. 
The sizes of bricks used in analyses were limited too. The upper bound was fixed in relation 
to the SLS/BS sizes whilst the lower bound was fixed by the smaller sizes of bricks available 
locally. Similarly, the widths of wall examined varied approximately from 7 1/2" to 9". 
10.6 Regional and International Relevance 
The conclusions and recommendations given above has a regional and international relevance. 
A ma, . or discovery is that chaos in bricks and brickwork joints is not limited to Sri Lanka only. J 
It is a feature that can be found in other countries too. 
During the latter stages of the study, an attempt was made to obtain data on brick sizes, joint 
sizes, wall widths, norms used for estimating etc. from three regional countries, namely, 
Bangladesh, India and Pakistan. The procedure adopted was to obtain addresses of 
contractors by writing to contractors' associations. Only the 'Bangladesh Association of 
Construction Industry' responded with a membership list. A questionnaire was mailed to all 
32 members in this list of which six responded. The questionnaire is given in Appendix 10.1 
and the responses in Appendix 10.2. 
Information reveal that bricks used in Bangladesh are hand made. Like in Sri Lanka, it is 
produced by a cottage industry and accounts for a major portion (about 95%) of bricks used in 
industry, the balance being accounted by machine made bricks. 
Dimensions of these burnt clay bricks do not conform with the Bangladesh Standard for, 
bricks. The sizes appear to vary from region to region, and even from field to field. There is 
no regularity in sizes specified in drawings and BoQs. Actual sizes do not tally with those 
given in contract documents, often being less. The situation is much the same with respect to 
wall widths; For example, though contract documents specify the wall width to be 10", the 
actual on-site measurements reveal that they are around 9 1/2". The sizes of bed joints vary 
too. The 'specified sizes' vary from 6 mm to 20 mm, whilst on site measurement reveal a 
similar range. The mortar mix (i. e. cement sand) , however, appears to be fixed at 1: 6 for 10 
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inch thick walls (i. e. single brick thick) and 1: 4 for 5 inch thick walls (Le. half brick thick). 
As for estimating norms, they too vary. To summarise, the situation appears to be typical of 
the Sri Lankan scenario. Equally chaotic! This is indeed an interesting discovery and 
highlights the relevance of the recommendations of - this study. Thus, there is regional 
relevance. 
Further inquiries revealed that the situations"in countries like Malawi, Iraq, Malaysia show 
similar characteristics. Problems with joints have been observed in the UK too, especially in 
relation to concrete paving blocks. It is perceived that the understanding gained in this 
research would be useful in addressing some of these issue. Thus, there is international 
relevance. 
, 10.7 Summary of Other Recommendations 
This section briefly reviews the important recommendations arising out of this study. As such, 
it does not include residual recommendations arising out of the findings and conclusions made 
in this study. 
(a) There is a need to revise curricula related to the teaching of brickwork in Sri Lanka by 
enlarging its scope to cover details related to the 'non-standardisation' route; There is 
a marked difference between conventional brickwork and the 'chapparu' brickwork; 
This change must be effected both at institutions of higher learning and vocational 
training. 
(b) The study highlights the paradox of using standard norms for estimating brickwork 
when there is no compliance with standards. A new method of estimating brickwork 
costs has been proposed by utilising the concepts of cost density and cost polarity. 
Mortar volumes may be computed by using the RUM method or any of the other 
methods developed under mortar consumption studies. The 'decision rules' may be 
used for arriving at a 'least cost' estimate, which would in turn increase 
competitiveness, especially in projects where brickwork costs are significant. 
(C) The reasons for significant differences in the theoretical volumes of mortar (i. e. 
volume of wall less the volume of bricks) and field volumes were identified as due to 
four main reasons: use of bulk dimensions instead of unit dimensions, lack of a 
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methodology to address unfilled /underfilled joints, inability to take into account of the 
above factors in computations, and also due to the inability to account for the 
compaction that takes place during construction. The study addressed all these areas 
and successfully developed methods for computing mortar volumes accurately. The 
methods developed are recommended for use in connection with single brick thick 
walls; The methodologies may be used in a variety of other situations too, as for 
example, in the study of half brick thick walls. 
(d) The scenarios manager may be used for studying the impact of the variation in the 
study variables on hourly outputs; A major input to this development was provided by 
methods developed in mortar consumption studies. This approach may be developed 
further to cover other applications. 
(e) The 'chapparu brickwork' is a new form of brickwork suitable for coping with chaotic 
variations in brick sizes; The study shows, how to optimise its use, by mitigating its 
adverse aspects. Within this context, it is recommended for use in similar or other 
situations (i. e. even when the standardisation route is used). 
(0 
(g) 
(h) 
Conventionally, the rules for fair-faced brickwork and plastered brickwork have been 
taken to be the same. There is no need for universality here, especially when there are 
other advantages to be gained. For example, it was shown that by varying the size of 
joints, it is possible to reduce the cost of construction. It is recommended therefore, to 
establish a set of rules for such construction. 
There is a need to differentiate between partition walls and load bearing walls. The 
methods of construction may be varied to suit the type of wall. For example, in 
partition walls, cross joints may be avoided altogether and/or underfilled as strength is 
not important and walls are plastered. The advantages can be optimised when cost 
polarity is less than 0.85. Here again, it is recommended that a set of norms be 
established. 
If standard size bricks are to be readily accepted, then they must be cost effective 
compared with the'existing bricks. The 'competitive price density' approach is 
recommended as a procedure for arriving at comparable prices. 
(i) It is also recommended that the Sri Lanka Standard for Burnt Clay Bricks be 
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completely changed with respect to, the classification of the types of bricks (as for 
example to include a category of bricks where neither the strength nor appearance is 
important), the size of bricks (to include one size or few additional standard sizes), and 
tolerances specified (by adopting a 'joint-based' approach over the conventional 'size- 
based' approach; see section 7.3.5). 
(k) The attempt at profiling brickwork in Chapter 3 opens up a new domain. It is 
recommended that every country, especially developing countries, develop similar 
profiles (with further development) with respect to major construction trades to serve 
as a basis for evaluation and also for comparison of its state with the best in the region 
and in the world. 
10.8 Recommendations for Further Research 
A number of other areas of importance emerge from this research, both from the perspective 
of understanding further the use of the 'non-standardisation' route through chaos: 
(a) The measures, methods, methodologies etc. developed in this research, may be 
explored further for coping with chaos in relation to the construction of half brick 
thick walls. 
(b) The research highlighted the usefulness of the 'chapparu brickwork'. There is scope 
for research to develop this method further. The three methods of making a chapparu 
wall may be examined further and also to study its impact on shorter walls, in view of 
its perceived advantages. 
(c) This study shows that there is potential for gains both in terms of hourly outputs and 
costs, when non-load bearing plastered walls are constructed without cross joints. This 
may be explored further, in relation to its acceptability for the construction of partition 
walls and extended even to cover load bearing walls, as there is evidence to suggest 
that unfilled vertical joints do not have an impact on strength properties of walls 
(Hendry, 1972). 
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(d) The frequency distributions of hourly outputs of brickwork were skewed and showed 
peakedness with well defined modes. It appears that previous studies have neglected 
such phenomena; The focus has been on finding 'standard times' for activities. Are 
contractors (and consultants too) interested in 'standard times' or times related with 
'modes'? It is perceived that the latter would be of greater interest for estimating 
purposes, as it relates to outputs which can be achieved by most bricklayers. Thus, 
there is a need to research this relationship further. 
(e) The research showed that bricklayers neither prefer small nor large joints. This 
conclusion laid the foundation for a 'theory on brickwork' although the sample drawn 
related to bricklayers from Colombo. It is recommended, this study be enlarged with 
data from other areas too. 
(0 
(g) 
(h) 
(i) 
Brickwork has traditionally developed as a craft, reinforced by practice rather than on 
any scientific discovery. For example, is the size of the British Standard brick suitable 
for Sri Lankan workers with different physiological and ergonomical attributes? What 
is the impact of the weight of the brick with respect to a Sri Lankan bricklayers' 
productivity? Should the size of the brick vary from country to country? These are 
intriguing questions, to which answers need to be found. The 'theory of brickwork 
joints' proposed in this study lays the foundations for a scientific understanding of 
brickwork and is recommended that further studies be undertaken. 
There is also much scope for research with respect to the basis on which a particular 
width should be selected as many factors affect its choice. For example, an air- 
conditioned building may prefer larger wall widths to reduce heat radiation; Whilst 
saving on energy costs on one hand, it may increase the cost of the structural element 
on the other hand (i. e. by increasing the amount of reinforcement/concrete). 
The scenarios manager concept can be developed further as a computer based tool for 
not only studying the impact on output, but also on costs. Alternatively, the use of 
conventional 'simulation techniques' may be examined. 
There has been little study on the application of chaos theory to construction. Further 
studies should be undertaken to examine its usefulness from a conceptual perspective 
and from a mathematical perspective. 
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Ch. 10 - ... and Recommendations 
Studies may be undertaken to examine specific issues that may arise when 
implementing projects using the non-standardisation route. 
10.9 Conduding Observations 
Chaos abounds. It is a natural state of systems. It is spontaneous. Created easily. It is complex 
too. Single best solutions are disliked. Regulations are there to be broken; Standards are 
sidelined; Outcomes cannot be controlled. This is the negative side of chaos. 
The positive side of chaos is that, it can be turned into opportunity as seen in this study. To 
capitalise, there is a need for flexibility instead of rigidity; A need for dynamic solutions 
instead of static solutions. Chance give way to the planned, the engineered, the managed. 
Single best solutions get replaced with better solutions. Old regulations give way to new. New 
Standards emerge. Outcomes are controlled and are not chaotic; There is no confusion; 
Complexity becomes simplistic. In this sense, there is a new 'order'; It appears disorderly only 
to those who are 'blind' to 'Orderly Chaos'. 
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-Appendix 1.1: Cost Breakdown. of Brickwork (19991 
BRICKWORK IN CEMENT SAND 1: 5 IN 9" WALLS IN GROUND FLOOR (per 
cubel Note: Norms used are dubious. 
Item Quantity Unit Rate (Rs. ) Amount 
Bricks (with 10% wastage) 1,595.00 No. 0.80 1,276.00 
Cement 3.75 Cwt. 175.00 656.25 
Sand 0.25 Cube 475.00 118.75 
Mason 3.00 Day 100.00 300.00 
Labourer 6.00 Day 50.00 300.00 
Water 25.00 Gallon 0.02 0.50 
Scaffolding 180.00 L. ft. 0.85 153.00 
Coir rope 12.00 No. 0.50, 6.00 
Total Cost ... 2,810.50 
SUMMARY OF OVERALL COSTS 
Cost (Rs. ) Indicator 
MATERIAL COST (Bricks, Cement, Sand & water) 2,051.50 341.92 
LABOUR COST (Mason and labour) 600.00 100.00 
OTHER COSTS (Scaffolding and coir rope) 159.00 26-58 
Breakdown of Material Costs 
Cost (Rs. ) Indicator 
Bricks 1276.00 225.34 
Cement 566.25 100.00 
Sand 118.75 . 20.97 
Water 0.50 0.088 
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Appendix 1.2f A of Sri Lanka wLft!! -2jo 
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Appendix 1.3: Maior Brick Producinjj Areas in Sri Lanka 
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Appendix 2.1: Some Derinitions and Desbriptions on Chaos 
(A) Oxford Dictionary of New Words (1992) -A popular guide to words in the news. 
Chaos A state of apparent randornness and unpredictability which can be observed in the 
physical world or in any dynamic system that is highly sensitive to small changes in 
external conditions; the area of mathematics and physics in which this is studied (also 
called chaos theory or chaology). 
A specialised use of the figurative sense of chaos, 'utter confusion and disordee (a sense 
which itself goes back to the seventeenth century). Although actually determined by tiny 
changes in conditions which have large consequences, the processes which scientists call 
chaos appear at first sight to be random, utterly confused and disordered. 
The serious study of chaos began in the late sixties, but it was only in the raid seventies 
that mathematicians started to call tfiis state chaos and not until the mid eighties that the 
study of these phenomena came to be called chaos theory. It is relevant to any system in 
which a very small change in initial conditions can make a significant difference to the 
outcome; a humorous example often quoted is the butterfly effect in weather systems - 
these systems being so sensitive to initial conditions that it is said that whether or not a 
butterfly flaps its wings on one side of the world could determine whether or not a 
tornado occurs on the other side. By the beginning of the nineties the study of chaotic 
systems had already proved to offer important insights to all areas of science - and indeed 
to our understanding of social processes - partly because it views systems as dynamic and 
developing rather than looking only at a static problem. A person who studies chaos is a 
chaologist, chaos theorist or chaoticist. 
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(B) The Hutchinson's Encyclopedic Dictionary - 1991 
Chaos - (1) Utter Confusion or disorder 
Formless primordial matter 
Chaos theory or Chaology A branch of mathematics used to deal with chaotic systems, an 
engineered structure, such as oil platform, that is subjected to 
irregular unpredictable wave stress. 
(C) Oxford Dictionary - 1991 
Chaos theory The mathematical study of complex systems whose development is highly 
sensitive to slight changes in conditions, so that small events can give rise to 
strikingly great consequences. For example, a slight turn of a tap can change a 
steady flow of water to an irregularly splashing stream; a tiny disruption of the 
atmosphere in the Arctic Circle might lead to the development of a hurricane in 
the tropics. The study, which has applications in many fields (including physics, 
biology, ecology and economics), has two main aspects. On the one hand 
processes that seem random or irregular may actually be following certain laws 
which could be discovered. -On the other hand, processes thought to be regular 
may turn out to be 'chaotic'. This aspect has further diminished scientists' 
confidence in the predictability of natural phenomena. Because of their 
complexity and the large number of conditions that may affect them at any stage, 
many systems that used to be thought predictable from the laws of nature e. g. the 
movements of the planets in the solar system, have been shown to be 'chaotic' in 
the technical sense; for sufficiently far in the future even their approximate 
positions may be beyond calculation. 
(D) Science & Technology Encyclopedia - 1976 
System behaviour that depends so sensitively on the systematic precise initial conditions that it is 
in effect unpredictable - cannot be distinguished from a random process, even though it is 
deterministic in a mathematical sense. 
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Appendix -3.1: The Building Material, Manufacturing Corporation's Efforts to 
Popularise a Larger Brick Size 
The only recorded attempt of trying to introduce some form of mechanisation in the 
handmade brick industry was during the 'Garn Udawa' Project in 199 1. 'Gam Udawa' means 
village reawakenment. It is an annual project, where an entire district is taken up for 
development in all respects not only in housing, but also in the provision of a host of other 
facilities which go to improve the quality of life of the people. 
A paper article entitled 'BMMC introduces stronger bricks at low cost' in a leading 
newspaper (Ceylon Daily News, Nov., 1990) stated that - 
'The BMMC has already made arrangements to set up 20 brick manufacturing projects to 
produce ... bricks which conform to standard specifications ... About one million bricks will 
be produced under these projects ... These bricks made ... with the assistance of a brick 
making mould ... is approximately 70% 
larger than normal bricks. The Corporation reveals 
that ... these 
bricks would save up to 40% of construction costs. ... The BMMC has made 
arrangements to give loans up to a maximuA of Rs. 5,000 [S401 through People's Bank and 
the Bank of Ceylon... The Corporation points out that the brick manufactures in and around 
Kamburupitiya area are now in a position to produce stronger bricks at a low cost and thus 
the over-all construction costs have dropped considerably.. The BMMC plans to extend this 
program in the entire Matara District prior to the conclusion of the 13th Gam Udawa 
Anniversary [in June 19911 and to subsequently extend it throughout the island. ' 
Investigations revealed that it had met with disaster. Being exhibited at the Garn Udawa 
exhibition and priced at Rs. 4,000/= (i. e. around E 40) hardly any moulds had been sold. A 
ieaflet published on this 'semi-mechanized mould' revealed that it could mould up to 1200- 
1_500 bricks per day, which is not much different to the output achieved when using hand 
moulding practices (Bogahawatte, 1986: 41-43). The mould size had a fixed length and breadth 
of 235 x 115 mm. whilst the height could be varied. With these dimensions it was unlikely 
that the brick produced would be dimensionally co-ordinated! 
The Government Agent Matara had expressed interest on this machine. He had asked whether 
some moulding machines can be handed over to the Sarvodaya (a non-governmental 
organisation involved in craft training) and to the Industrial Development Board. However, 
with the liquidation of the BMMC in 199 1, this project had been abandoned. 
Discussions with staff who had been involved with this project revealed that they could not 
identify any special reasons for its failure. However, the unwillingness of the producers to 
change existing practices of moulding bricks was cited as one possible reason. Although, 
many other reasons could be attributed, the researcher is of the view that had the BMMC 
designed the moulding machine with a flexible mould size so as to cater for the size that was 
in production, this useful technology would have been acceptable! 
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Appendix 3.2: Kiln Survey Interview Guide/ Kiln Survey Data, 1991 & 1996 
Name: 
Postal address: 
Years in productions: 
1. What are the sizes of moulds? 
, 2. 
How many moulds do you use at a time? 
t 
: 3. Who makes the moulds? 
A- How do you decide on the size? 
5. What is the size of the brick? 
: 6. Have you heard about the SLSI? Yes/No 
7. - Do you know the standard size of a bricks Yes/No 
8. ' Is there a relationship between the length & the brick ? 
9. Are you familiar with metric measures? Yes/No? 
10 How do you estimate a cost/price of a brick ? (including cost build up) Thumb rules ? 
What are the reasons for the brick to become small? 
The Aethodolo 
-, Surveys were carried out 
in and around two principal areas of production, namely the 
Kochc'hikade area and the Kaduwela area. The number of kilns surveyed from the Kochchikade 
'' -77- 
are Ia were more than the kilns from the Kaduwela area as the volume of bricks produced in the 
greater than that of thb latter. Brick sizes refer to bulk measures of 10 former area was much 
numbers. Mould sizes refer to those in use at the time of the survey. 
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Mln Survey - JanuTj 1991 
(A) Kochchikade bricks I 
Mould size Brick size 
Length Breadth Height 
cm) 
- 
Length 
(cm) 
Breadth 
(cm) 
Height 
(cm) 
L-2B 
(mm) 
I Malwana 20.8 11.1 5.1 19.2 9.6 5.2 0 
2 Yabaralma-Malwana 21.2 11.2 5.2 19.2 9.5 5.2 2-- 
3 Yabaralma-Malwana 21.6 111.9 4.9 18.6 9.8 1 4.8 -io 21.4 111.8 5.2 1- 
4 Malwana-Mapitigarna rd 21.6 11.8 5.7 19.7 9.8 5.4 1 
23.0 11.8 5.7- 
5 Biyagama - 19.3 10.0 5.4 -77- 
6 Biyagama (pahala) 21.0 - 10.3 30 4 
7 Rakgawatte 20.5 10.5 5.3 -5 
8 Rakgawatte 20.4 10.3 3-8 -2 
9 Rakgawatte 20.4 10.0 5.3 4 
10 Kochchikade 20.2 10.2 
- 
4.5 18.5 9.3 4.6 '--7T- 
19.6 fO A 5.0 
20.1 10.3 4.5 
II Kochchikade 19.8 10.2 5.3 19.5 9.2 4.7 11 
19.7 10.3 5.0 
12 Kochchikade 19.8 10.3 4.7 18.7 9.2 47 3 
20.8 10.2 5.0 
13 Kochchikade 19.7 10.3 4.9 18.7 9.3 4.7 1 
14 Ko--chchikade 19.6 
. 
10.3 5.1 19.1 9.3 4.9 5 
15 Divuldeniya 20.9 10.8 5.2 19.91 9.8 5.7 - 3 
21.0 10.7 5.4 -- -1 -- - 
LengMreadth rati o(Kochchikade ) 
(B) Kaduwela bricks 
16 Hanwella 22.6 12.3 5.5 _j 19.5 - 10.0 5.0 .5 
17 Hanwella 23.3 12.1 5.4 19.3 9.8 5.0' ---3 
18 HEiw-ella-pahala 22.3 11.9 5.4 19.8 10.5 5.3 -3 
19 ffa--nwella 21.4 11.6 5.6 18.7 9.8 5.2 .9 
20 Hanwella 22.1 11.3 5.5 20.5 9.9 5.6 7 
21 Hanwella-pahala 22.3 11.4 5.7 19.7 9.8 5.5 1 
Hanwella 
- 
22.8 11.9 5.9 
-- - 
19.9 10.0 5.4 -I 
1: 9 
uwela, wellWita 
1 Kad 2 1.0 11.5.... 1 5.6 
. 
---20-. -7- rI 
-I 
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Mould size Brick size 
Length 
(cm) 
Breadth 
(cm) 
Height 
(cm) 
Length 
(cm) 
Breadth 
(cm) 
Height 
(cm) 
L-2B 
(mm) 
24 Kelanimulla, Mulleriyawa 2 1.0 11.4 5.6 19.6 10.2 -5.6 -8 
25 Bomiriya pahala 22.9 12.9 5.5 20.0 10.0 5.2 0 
26 Bomiriya pahala 23.0 1 12.0 5.5 20.2 10.2 5.2 -4 
27 Bomiriya pahala 23.0 11.8 6.0 20.1 10.0 5.7 1 
28, Bomiriya pahala 23.4 12.2 5.8 20.0 10.0 L .5 0 
Length to breadt hr atio (Kaduwela); 
d 
-1.981 
Kiln Survey - July 1996 
(A) Kochchikade bricks Mould size Brick size 
Brick manufacting 
area 
Length 
MM) 
Breadth 
(mm) 
Height 
ý 
(MM) 
Length 
(MM) 
Breadth 
_(mm) 
Height 
(MM) 
L -2B 
_(mm) I Thamarakuliya 205 105 50 189 91 48 7 
2 Waikkala 203 104 50 188 90 49 8 
3 Atiyawala 194 1 103 50 188 91 47 6 
4 Atiyawala 198 103 50 187 94 48 -1 
5 Dankotuwa 212 106 58 199 98 55 3 
6 Kochchikade 196 103 50 195 92 . 
49 11 
7 Kochchikade 198 104 50 186 92 49 2 
8 Atiyawela 210 109 62 196 98 56 0 
9 Atiyawela 191 102 52 185 . 
94 50 -3 
10 Matikumbura 201 103 50 187 90 _ 50 7 
11 Divuladeniya 205 , 
102 52 188 92 49 4 
12 Maticotuwa, 204 101 50 188 91 49 6 
13 Udangawa 192 101 50 180. 92 47 -4 
14 Udangawa 192 102. 50 182 91 48 0 
15 
jUdangawa, 
Kochchikade 195, 1051 50 1831 92 
248 
(b) Kaduwela bricks 
16 Bonuriya 2281 118 57 199 103 51 -7 
17 Bomiriya 2301 121 58 200 100 53 0 
18 aduwela 232 
1 119 1 51 202 100 53 2 
19 Hanwella 230 117 591 202, 98 53 6 
Average length/breadth ratio 2.027 
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Appendix 3.3: Estimating Norms: Notes on Table 3.5 
NOTES ON CASES: 
Case I- Norms used by the Chief Estimator and other Estimators vary. 5% is added for 
scaffolding. In case of double heights it is increased to 8%. For Colombo and 
around the rate related to large size bricks are used (taking account of the type 
of brickwork done by the company) whilst for work outside the rate related to 
the small brick size is used. 
Case 2- Number of bricks refer to, smallest market size, largest market size and 
standard size. 
No difference is made with different mixes specified in documents. 
Case 3- The quantities are given in two sets (one below the other) for the two sizes of 
walls, i. e. 9" and 8" respectively. The number of bricks given for 9" walls 
corresponds to standard size bricks and are therefore priced accordingly to 
reflect its size; The number of bricks for 8" walls relates to smallest market 
sizes. The quantities for cement and sand has been based on the norm for 9" 
walls and computed by using the ratios of the number of bricks for 8" wall to 
9" wall; For example, the quantity of cement required for a 8" wall is 
computed as 3.7 x 1750/ 1450. Labour requirements have also been computed 
similarly. 
Estimators differ in procedures adopted from using BSR to norms developed 
through experience. Estimators accept it as a good practice as the chance of 
procuring project increases when different estimators adopt different norms! 
To calculate the rate per sq. the cost is multiplied by 0.75 ( with a pre- 
conceived notion that the wall thickness is 9", i. e. 225 mm, approx. ) 
The cost computed by the second norm (i. e. for 8" walls) is used especially in 
the following situations: 
For competitive bids; & 
when the BoQ item description fails to specify the wall 
thickness (e. g. 'One brick thick wall in cement sand 1: 5) 
This approach is the result of a problem encountered with a project where the 
client has insisted the construction of a 9" thick wall (as against something 
thinner with smaller bricks). It was claimed that the costs were enormous and 
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that they do not'Still have an accurate norm of arriving at the cost of a 9" wall 
built using small bricks! Since then their tenders include a qualification on the 
thickness of the wall. 
Case 4- To obtain rate for sqr. (100 sq. ft. ) the norm is multiplied by 0.75 (with a pre- 
conceived notion that the thickness of the wall is 9", i. e. 225 mm approx. ). 
No norm for 1: 8 rnixes. (Considered to be rare). 
Case 5- This norm is used for reconciling quantities used for brickwork. Large 
variances in reports (not taken seriously). 
Case 6- For projects out of Colombo: *For example, for a project in Galle (about 200 
kms from Colombo), uses the norm corresponding to small bricks even though 
the brick sizes are larger than the small sizes available in Colombo; 
No allowance for bulking etc. 
The rate is not adjusted for vertical transportation; Included separately in the 
Preliminaries Bill. 
Case 7- Uses only direct labour for its operations; Labour norm is claimed to be based 
on site studies. 
Case 8- For every project a separate cost analysis is done and is included in the Cost 
Analysis Report. For negotiated government contracts, rates approved by the 
Technical Committee of the Ministry of Local Government, Housing and 
Public Utilities is adopted. 
Case 9- Given in thesis text. 
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Appendix 3.4: Percentage of Broken Bricks when Stored at Hardware Shops and at 
Construction Sites in and around Colombo 
Sampling faces 
(In an open stack, no. of sides = 5) 
Note: Only bricks in stretcher position considered; Ifthe top most course is a stretcher, number ol'bricks in the 
top most face deducted accordingly. (K - Kochchikade) 
(A) 
(B) 
Principal 
area of production 
No. of bricks 
in sample 
No. 
broken 
Percentage 
broken 
Location 
I K 120 6 5.0 Welikada 
2 K 100 3 3.0 Welikada 
3 K 80 7 8.8 Kelaniya 
_ 4 K 135 6 4.4 Kelaniya 
5 K 2ýO 17 6.3 Nugcgoda 
6 K 115 4 3.5 Maharagama 
7 K 80 12 15.0 Maliaragama 
8 K 75 6 8.0 Ratmalana 
9 K 187 17 9.1 Ratmalana 
10 K 275 20 7.3 Ja-cla 
II K 142 11 7.7 Ja-ela 
12 K 195 16 8.2 Dehiwala 
13 275 12 4.4 Dehiwala 
14 K 140 9 6.4 Mulleri awa- 
11 5 K 165 6 3.6 
. 
Mulleriyawa 
Principal area of production No. in sample No. broken Percentage broken 
K 290 8 2.8 
2 K 676 41 6.1 
3 K 420 40 9.5 
4 K 120 8 6.7 
5 K 132 20 15.2 
6 K 255 15 6.7 
7 K 125 13 10.4 
8 K 100 6 6.0 
9 K 175 17 9.7- 
1 () K 100 10 1 (). () 
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Appendix 3.5: Sand Bulking Survey Data 
Abbreviations: 
VF - Very fine; F- Fine; M- Medium; C- Coarse 
Note: Judgmental sampling; One sample per site. 
D 
(cm) 
DI 
(Cill) 
Di/(D-DI) Sandtype 
1 9.8 3.4 53.13 m 
2 9.8 3.8 63.33 m 
3 9.8 4.3 78.18 F 
4 9.8 3.2 48.48 m 
5 9.8 2.8 40.00 m 
6 9.8 3.3 50.77 c 
7 9.8 3.4 53.13 m 
8 9.8 3.3 50.77 m 
9 9.8 4.9 100.00 VF: 
- 
for plaster work 
10 9.8 3.25 49.62 M-F: for plaster work 
11 9.8 4 68.97 m 
12 9.8 5 104.17 VF 
13 9.8 4.5 84.91 m 
14 9.8 4.5 84.91 M-F 
15 9.8 3.4 53.13 c 
16 9.8 3.5 55.56 c 
17 9.8 4 68.97 C-M 
18 9.8 4.2 75.00 F 
19 9.8 
_4.7 
92.16 F 
20 9.8 3 44.12 m 
21 9.8 3.6 58.06 c 
22 9.8 3.6 58.06 m 
23 9.8 4.1 71.93 m 
24 9.8 4.2 75.00 F 
25 9.8 _ 4.2 75.00 m 
26 9.8 3.6 58.06 c 
27 9.8 3.9 66.10 M-C 
2 9.8 3.9 66.10 m 
29 9.8 3.8 63.33 C- Alawwa 
30 9.8 4.3 78.18 F- Wattala 
For purposes of* analysis, entries such as M-C, C-M, M- F etc. have taken to represent a case 
related to the first letter. 
D 
IDI 
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Appendix 3.6: Engineers Survey Questionnaire 
The organisations listed below (both from the public sector and private sector) were selected 
for the survey. These organisations are well reputed in industry. The procedure adopted was 
to identify few key persons known to the researcher and request them in turn to distribute the 
questionnaire. Each organisation was given about 5 to 10 questionnaires. These were 
collected subsequently. The number returned from each organisation are quoted within 
parenthesis. State Engineering Corporation (5), Central Engineering and Consultancy Bureau 
(6), Dept. of Education (3), Dept. of Buildings (4), LAN Management Services (3), Mahaweli 
Engineering and Construction Agency (6), Mihindu Keerthirathne and Associates (2), 
Colombo Municipal Council (3), Road Development Authority (5), Engineering Consultants 
Ltd (3), National Water Supply and Drainage Board (3), Resources Development Consultants 
(2), Strad Consultants (1), Design Consortium (3). 
The questionnaire is given below. When analysing data, responses received from those who 
had not worked in a project with brickwork and who did not have a degree or an equivalent 
qualification was not considered. 
ENGINEER QUESTIONNAIRE SURVEY 
This survey is in connection with an on going research project on Sri Lankan brickwork. The 
data collected is to be used for obtaining a higher degree by research. 
(A) SURVEY INFORMATION 
1. 
2. 
3. 
Are most of the bricks used in the industry non-standard ? Yes/No 
When supervising a project, would you allow the use of non-standard bricks? Yes/No 
If 'Yes', why? 
4. If standard size bricks are not available, would you pressure the contractor to get it 
specially manufactured? Yes/No 
If 'No', why? 
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6. Are there any government/serni-government organization manufacturing common 
bricks? Yes/No 
7 When standard size bricks are not available, do some consulting engineers instruct 
contractors to get such bricks specially manufactured ? Yes/No 
8. If you know that bricks can be manufactured to standard size, would you still allow the 
use of non-standard size bricks? Yes/No 
9. How important is it to use standard size bricks for the construction of a partition wall in 
an office building? 
Very important/ Important / Somewhat Important / Not important 
10. How important is it to use standard size bricks for the construction of a load-bearing 
wall in a single storey house? 
Very important/ Important/ Somewhat 1hportant/ Not important 
11. What is the size of a standard brick? xx 
12. What is the thickness that is usually specified for a brick wall? 
13. How would you find out the wall thickhess specified for a project? 
14. How would you find out the size of standard brick? 
(B) OTHER INFORMATION 
1. Are you a chartered engineer? Yes/No 
2. Have you being involved in managing a project involving the use of burnt clay bricks? 
Yes/No 
Please state your qualifications: 
Thank you. 
Eng. WVKM Abeysekera 
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Appendix 3.7: Analysis of Engineer Survey Questionnaire 
Introduction 
The questionnaire given in Appendix 3.6 was used to ascertain 'what consulting engineers 
knew about standard size bricks', 'what they felt about their usage' and 'how they would act 
or behave at the site level'. These covered three main areas: 'Knowledge' & 'Awareness', 
'Attitudes' (including preferences, convictions) and 'Behaviour'. The sample consisted of 
civil engineers. In all 49 questionnaires were returned. 
The Cojinitive Response 
The cognitive responses deal with the 'Knowledge and Awareness' aspects of engineers in 
relation to the use of non-standard size bricks in industry. In all there were five questions, 
with two (2) on Knowledge and the other three (3) on Awareness. Table I shows the 
questions and the number of responses against these questions. 
Responses to Q1 in Table 1 show that as much as 89.8% of the engineers were aware of the 
use of non-standard bricks. Those who responded 'no' lacked awareness and their responses 
were omitted from detail analysis. Also responses of non-chartered engineers who had not 
been involved in the supervision of brickwork activities before were excluded. This reduced 
the total to 44 out of which 34 were responses from chartered engineers. 
Most engineers failed on the size of a stapdard size brick as 91.9% failed to specify it 
correctly. Of them, 75% [(44-(184))/40 x 100] did not know how to find this information in 
the event it was unknown by them. Clearly, a case of lack of knowledge. 
Whilst many were aware of the predominant use of non-standard bricks, only 29.6% (13 out 
of 44) were aware of a government/semi-government organisation manufacturing near 
standard size bricks (Note: SEC and CCC are two such organisations involved in the 
manufacture of such bricks). Furthermore, 59.1% (i. e. 21 out of 44 in Q7. ) were not aware of 
sI ituations where engineers had instructed contractors to get standard size bricks specially 
manufactured. The responses to these two questions clearly show that they lack awareness as 
well. Therefore, it may be concluded that 
. 
the situation at hand is largely one of 'poor 
cognition'. 
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Table 1: The 'Cognitive Aspects' related to the 
Use of Standard Size Bricks 
ON KNOWLEDGE 
Correct/Acceptable 
Questions & Responses Responses (out of 44) 
Number % 
Q 11. What is the standard size of a brick ? 
Size in BS 3921: 1985 # .................................................. 4 4 9.1 
Size in SLS 39: 1978; Amndt. 1: 1981 # ........................... 1 
Size in SLS 39: 1978 # ................................................... 1 
Size in CS 39: 1968 # .................................................... 1 
Q14. How would you find out the standard 
size of a brick? 18 29.6 
Refer Specifications ...................................................... 13 
Refer Std. /Obtain from SLSI .......................................... 5 
Refer Handbook/Text book ............................................ 9 
inquire from a friend ....................................................... I 
No response ................................................................... 12 
Meaningless res2onse ..................................................... 4 
ON AWARENESS 
Yes No NR 
Q1. Are most of the bricks used in the 
industry non-standard ? 44 3 2 89.8% 
Q6. Are any government/semi-government organisation 
manufacturing common bricks ? (Should response as 'Yes'. 13 23 8 29.6% 
These bricks are as large as std. size bricks) 
Q7. When std. size bricks are not available, do some 
consulting engineers instruct contractors to get such brick 18 21 5 40.9% 
specially manufactured? 
NR - No. not responding. #- Actual responses refer to the correct sizes quoted and not to the standard number. 
The Affective Res]2onse 
This section deals mainly with the attitudes of the engineers by examining their preferences, 
convictions and the like. Four questions were used as shown in Table 2. 
The response to Q4, i. e. on whether they would pressurise contractors to use standard size 
bricks, 75% were not prepared to do so (i. e. 33 out of 44). Number of reasons given to Q5 
explains the reasons behind this attitude, most common being the necessity to avoid delays. 
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Of the 33 engineers who were unwilling to pressurise the contractor, as much as 63.6% (i. e. 
21 out of 33) were not aware of any government/semi-government organisations producing 
'near' standard size bricks; It is clear that those who were not prepared to pressurise the 
contractor lacked awareness; Through a 'situational analysis' it may be shown that most of 
them lack knowledge as well. Therefore, the situation at hand is one of 'poor cognition and 
poor attitudes'. 
Table 2: 
The 'Affective Response' related to the Use of Standard Size Bricks 
(Deals with Attitudes, Preferences & Convictions) 
Questions & Responses Yes No No Response 
Q4. If standard size bricks are not available 11 33 
- 
0 
would you pressurise the contractor to get them (75%) 
specially manufactured? 
Q5. If 'No' why? 
Save time/Avoid delays* 
Will entail extra costs* 3 
Contractors' quotations are based on existing bricks 3 
Contractors do not like to use standard size bricks 2 
Only if the project requires 2 
Not practical 2 
No structural failures with non-standard size bricks 1 
Size has no effect on strength, Le: strength of brick is what 1 
is important 
Not considered in design I 
Walls usually carry only the self weight* I 
Difficult to convince contractors of the advantages I 
Meaningless response I 
1 No response 
VI I SI NI 
Q9. How important is it to use std. size 
2bnc 
6 10 17 11 
11(an for the construction of a partition wall (a non- 
loadbearing wall)in an office buildin ? 
' std-Us. C. fon i, Nu iber willing to, pres urise 
Q10. How important is it to use std. size bricks 18 15 6 5 
for the construction of a load bearing wall in a 
single storey house? 
' , bks_- to prýssdriseý Ci", for std ý umbermilling, r, N 
Abbreviations: VI - Very Important I- Important; C- contractors 
SI - Somewhat Important NI - Not important * Dual responses 
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Of the 11 who were willing to pressurise, only three (3) were aware of government/semi- 
government organisations producing bricks, whilst six (6) were aware of situations where 
consulting engineers had instructed contractors to purpose make the brick. Of them, there was 
one engineer who was aware of both. The cognition of these engineers who had a favourable 
attitude can be shown to be only marginally higher than those who's attitude was poor. 
Therefore, it is not possible to conclude that good cognition leads to good attitudes, although 
poor cognition appear to be associated with poor attitudes. 
Only 13.7% (of the 44 engineers) felt that it was 'very important' to use standard size bricks 
in the construction of a non-load bearing wall. In the case of load bearing walls, only 40.9% 
felt that it was 'very important'. And only a. few amongst those who stated that it was very 
important to use standard size bricks were prepared to wield pressure on the contractor to get 
standard size bricks specially manufactured. (see shaded rows in Table 2). Clearly, engineers 
show a 'negative attitude' towards the use of standard size bricks. 
The Behavioural Response 
The above analysis show that there is 'poor cognition and attitudes'. Engineers show a 
negative attitude towards the use of standard size bricks. Under these circumstances what 
would be their actions at site level?. 
Table 3 shows the results of this inquiry. A very high percentage (i. e. 86.4%) stated that they 
would allow the use of non-standard bricks. It appears therefore that their attitudes match 
their behaviour. Two main reasons explains this behaviour, i. e. its non availability and the 
difficulty of obtaining supplies on time. 
Further examination of Table 3 show that, if standard size bricks were available it would be 
possible to change the behaviour of engineers. But, as so 
long as engineers take a 'negative' 
attitude towards the use of standard size bricks, the status-quo is bound to prevail. 
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Table 3: 
The 'Behavioural Response' related to the Use of Standard Size Bricks 
Yes No NR 
Q2. When supervising a project, would you 38 6 0 
allow the use of non-standard bricks ? (86.4%) 
Q3. If 'Yes', why? 
Not available ............................................. 15 
Difficult to get/rarely available * .............. 12 
Difficult to get in quick time * ..................... 5 
Can't get at a competitive price * ............... 3 
Size not important ......................... : ............. 2 
Only for partition walls ............................... I 
No authority to reject ................................. 1 
Meaningless responses ............................... 2 
Q8. If you know that bricks can be 
manufactured to standard size, would you still 15 25 4 
allow the use of non-standard size bricks? 
*- Dual responses 
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Appendix 3.8: Volume of a 50 kg Bag of Cement 
Brand of Cement/Volume of a 50 kg bag cu. cm. 
(All ordinary Portland) 
Sanstha* M-Marine # Chinese Lotus Ruhunu** 
1 39697.56 34538.20 38780.00 38425.4 37100.00 
2 39251.52 35000.00 38780.00 38400.3 37100.00 
3 39469.50 35280.00 38780.00 38500.0 37100.00 
4 39350.00 35700.00 - 37500.0 - 
5 39490.00 35135.20 38400.0 
VOLUMB 
INDICATOR, 1121 1001 1101 1091 106ý 
Locally manufactured 
Locally manufactured using imported clinker 
# Cement imported in bulk and bagged in Sri Lanka 
All other brands imported to Sri Lanka. (1996) 
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Appendix 3.9: Advertisements on Standard Size Bricks 
I Ii 
BUILD YOUR 
HOUSE 
m 
I 
I 
I "1 
II 
-I I 
II 
I1 
II 
II 
II 
II 
I 
IJ 
II 
-t 
11 
TI 
-r- --- 1 
--. 1 
--L 
-I 
I 
TO LAST A LIFE TIME 
AND BEYOND 
STANDARD CLAY BRICKS 
(MACHINE CUT) 
OF HIGH STRENGTH 
-i Size 
8- 3/4" x 4-1/4" x 2-3/4" 
-i 
Strength 550 PSI (3.5 mm2) 
j Use less Bricks (925 Nos/sq) 
-i Save 
35% on Labour 
Reduce Cement Consumption by 35% I 
J Ideal for exposed brick works 
J Available ex-Dankotuwa Factory at Rs. 3/- 
Inquire from: 
SI tate Enqineering Corporation of Sri Lanka 
[ lead Office: Tel: 421048, Fax: 333500 
Dankotuwa Factory :, 031-7279 
Asst. General Manager (Building Compoiwnt,, ) 
STATE ENGINEERING CORPORATION, 
OF SRI LANKA 
130, W. A. D. Ramanayakt, Miwitha, Colojill)o 02 
Advertiscinciit in Ccylon Daily Nc",,,,, 27/4/90. 
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S. AV9 50% 
ON YOUR BUILDING COST 
USE BRITISH STANDARD 
BRICKS, WITH 
'NEW TECkNOLOGY 
Standard size -- 
, B. 3/4" x4 1/4" x2 3/4" 
Twice the normal size 
High Strength 
Thrice, stronger tRan bricks presently 
ý manufactured for Ouilding wo . rks.., 
Save number of brický used by 28% 
Reduce cost of sarid and cement by 16% 
burability achieved due to sha . rp edges. 
ev6nness'ýnd'weirblurnt bricks. 
. 'Cess. 6ost. bn, 'Iabo6r 
'ýý',, Wai aplýýaralhce as the wire'cut bricks 
.. ý-, 
E: )ý",. bankotuwa-'ýsiýCte,. Rs. ' 1600/-' per 
Works Manager, 
-inquiries: 
4' 
I t' 
130,,. W. A. D. ftsmaneyake Mawatha,, 
Colombo2. -. 
Assistant General Manager, 
(Construction Components), 
State Engineering qorporation, 
'y , :, -. -, ,, -. I 'ý ,,, -, "Ir, .. _. " .ý;. 
ý-? ."ý, ý. 
.- rnons: 4A lu4Q. 4404 IQ 
Bdk&C. rp. ntr)AVard) 
, ý864 EngIneering Corpcitation 
Atlyawala, 
Dankottiwo. ', 
ý -3 -7M. ' '031 
'Shelter fbi all - 
-by the Year- 2000 
III 111C Ccý loll D'Illy Ncws, 191) 
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Appendix 5.1: Data Collection Form forMortar Consumption Survey 
(A) General Information 
Project: 
Date: 
_/-/ 
Weather: 
Floor level: Lift: First / Second /Third 
Type of wall: External/ Internal/ Sheltered/ Exposed 
Method of construction: 
Use of gauge rods: Use of wall width gauge: 
Wall with chapparu: Yes / No; Chapparu on: Single side/ both side / Alternating 
(B) Mortar 
Specified mix proportions: 
Claimed to be in use: Brand of cement: 
Type of sand: Very fine / Fine/ Medium/Coarse Other: 
Method of measuring sand: Pans/ Shovels/ Wheelbarrows/ Other 
Method of measuring cement: Pans/ Used in bag form 
Volume of cement and sand used: 
A 
sl 
Sand 
A B H hl No. offull No. of" 
Units volumes portions 
Cement 
Sand 
Mortar 
351 
Appendix 5 
Remarks: ý 
State of sand: Wet/Dry 
Compaction factor data: 
w 
Value Units 
S 
sl 
(C) Brick sizes 
Unit Dimensions: Unit: 
Length Breadth Height Length Breadth Height 
_ 
Length Breadth Height 
1 16 31 
2 17 32 
3 18 33 
4 19 _ 34 
5 20 35 
6 21 36 
7 22 37 
8 23 38 
9 24 39 
10 25 40 
I1 26 1 41 
12 27 42 
13 28 43 
14 29 44 L15 
30 45 
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Bulk measurements: 
Units of measurement: 
No. of bricks Bulk Length Bulk Breadth Bulk Height 
2 
(D) Details of wall 
Course 
No. 
Type: 
Header -H 
Course length 
(Units: 
No. of full 
length bricks 
No. of broken 
bricks and size 
Course width 
(Units: 
_ 
Stretcher -S 3/4 1/2 1/3 1/4 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
L 
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Location' , 
Wall length 
Units: 
Location 
Wall height 
Units: 
I 
Left 
2 
I 
3 
2 
4 
3 
5 
- Right 
Remarks (including end conditions of walls) 
Average Joint Fullness Factors 
Fl 
Bed joint 
F2 
Chapparu 
F3 
JVc cross joint 
F4 
S/c cross joint 
F5 
Wall joint 
Output 
Study starts at: Breaks: 
Study ends at: 
Starts at Completes at Break times 
Mason I 
Mason 2 
Mason 3 
Mason 4 
Mason 5 
Mason 6 
Total no. of masons Total no. of labourers 
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(F) Other comments 
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Appendix 6.1: Data for Mortar Consumption Studies 
(A) BULK DIMENSIONS AND UNIT DIMENSIONS 
Bulk dimensions Unit dimensions* 
Data 
Sheet 
Length Breadth Height Length Breadth Height L-2B 
(cm) (cm) (cm) (cm) (cm) (cm) (mm) I 
1 19.6 10.2 5.05 19.38 9.940 4.840 -5.00 
2 19.19 9.08 5.14 19.014 8.904 4.957 12.07 
3 - - - 19.180 10.000 5.130 -8.20 
4 19.85 10.14 5.42 19.437 9.893 5.167 -3.50 
5 19.19 9.88 5.14 19.014 9.688 4.957 -3.62 
6 19-19 9.88 5.14 19.014 9.688 4.957 -3.62 
7 19.46 10.17 5.23 19.360 9.930 5.060 -5.00 
8 18.9 9.22 4.75 18.650 9.070 4.390 5.10 
9 20.2 9.7 5.4 20.070 9.480 5.210 11.10 
10 _ 20.03 9.84 5.48 19.740 9.580 5.310 5.80 
11 18.96 9.25 4.83 18.790 8.980 4.230 8.30 
12 19.03 9.31 4.79 18.740 9.030 4.370 6.80 
13 17.9 9.25 4.4 17.710 9.040 4.090 -3.70 
17.87 9.15 4.58 17.692 8.917 4.250 -1.42 
15 18.19 9.09 4.84 18.175 8.963 4.794 2.501 
16 18.25 9.21 4.72 18.058 8.983 4.483 0.92 
17 18.23 9.20 4.71 18.046 9.008 4.471 0.29 
18 18.06 9.17 4.69 17.940 8.880 4.360 1.80 
19 18.16 9.09 4.64 18.000 8.850 4.440 3.00 
20 17.93 9.05 4.50 17.825 8.825 4.325 1.75 
--ý-j -- 18.08 9.19 4.67 17.879 8.921 4.407 0.36 
22 18.40 9.00 4.86 18.150 8.700 4.520 7.50 
_ 23 18.45 9.02 4.88 18.230 8.750 4.555 7.30 
- T4- 18.33 9.00 4.99 18.071 8.808 4.708 4.54 
25 18.25 9.01 4.94 18.071 8.808 4.708 4.54 
26 18.50 9.05 4.95 18.400 8.840 4.630 7.20 
27 17.95 9.00 5.10 17.630 8.680 4.720 2.70 
--T8- 19.66 9.48 5.26 19.556 9.406 5.113 7.44 
29 20.35 9.75 5.73 20.163 9.561 5.526 10.42 
30 19.5 9.5 5.4 19.260 9.300 5.100 6.60 
31 19.71 9.375 5.275 19.408 9.167 5.117 10.75 
-ý2- - ý2 0.6 8 , 
10.12 5.84 20.490 9.923 1 5.632 6.43 
33 F-- 21.3] _ 9.8 
5.4 21.105 1 9.610 1 5.2081 18.85 
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" Bu lk dimensions Unit dimensions* 
Data 
Sheet 
Length Breadth Height Length Breadth Height L-2B 
34 20.5 10.3 5.35 20.312 10.100 5.160 1.12 
35 20.43 10.12 5.5 20.243 9.923 5.304 3.96 
36 19 9 5.3 18.826 8.825 5.111 11.75 
37 19.25 9 5 19.079 8.789 4.772 15.00 
38 19 
_8.9 
5.1 18.826 8.727 4.919 13.71 
39 21 10.17 5.68 20.807 9.972 5.478 8.62 
40 20.57 10 4.93 20.387 9.766 4.705 8.55 
41 20.6 10.3 5.6 20.411 10.100 5.401 2.11 
42 20 10 5 19.822 9.766 4.772 2.91 
43 18.46 8.98 4.79 18.296 8.770 4.572 7.5 
44 21.9 10.25 5.5 21.699 10.051 5.304 15-97 
45 20 10 5 19.817 9.806 4.822 2.05 
46 20.17 10.38 5.48 20.060 10.140 5.280 -2.201 
20.46 10.092 6.004 20.323 10.058 5.804 2.08 
48 19.39 9.589 5.552 19.259 9.333 5.393 5.93 
49 20.57 10.185 6.028 20.438 10.034 5.784 3.69 
30- 17.87 9.3045 4.756 17.796 9.174 4.557 -5.52 
-Ti- - 17.77 9.221 4.893 17.629 9.621 4.757 -4.14 
52 17.76 9.254 4.908 17.662 9.185 4.700 -7.08 
53 17.93 9.3 4.97 17.889 8.661 4.817 5.67 
54 17.99 9.32 4.995 17.760 9.235 4.810 -7.10 
55 _ 17.99 9.31 5.016 17.803 9.217 4.853 -6.30 
-56 - - - 21.854 10.146 5.478 15.61 
57 20.091 10.1681 5.2731 19.827 9.895 5.105 
-3-8 19.79 9.7841 5.5691 19.731 9.71 5.36 
597 E-20.24 10.6461 5.9581 20.111 10.40 5.78 
tR 
I WW - The extent to which the wall width may 
be reduced. 
In sites where unit avearge data were not collected, bulk averages deflated with distortion 
factors have been assumed. See next section. 
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DISTORTION ]FACTORS 
Distortion factors for conversion of bulk dimensions to unit dimensions 
Height Range DF-L DF-B DF-H No. of sites 
4-4.5 1.0103 1.0262 1.111532 12 
4.5-5 1.0090 1.0240 1.047729 14 
>5 1.0093 1 1.0198 1 
1.036885 15 
Distortion factors Uni t dimensions Bul k dimensions 
Data 
sheet 
L-wise 
DF 
. 
(blk/av) 
B-wise 
DF 
(blk/av) 
H-wise 
DF 
(blk/av) 
Volume- 
wise DF 
Length 
(cm) 
Breadth 
(cm) 
Height 
(cm) 
Length 
(cm) 
Breadth 
(cm) 
Heigh 
t 
(cm) 
1 1.0595 1.0262 1.0434 1.1343 18.5 9.94 4.84 19.6 10.2 5.05 
2 - - - - - - 19.19 9.08 5.14 
3 - - - 19.18 10 5.13 - - - 
4 1.0213 1.0249 1.0490 1.098 19.44 9.89 5.17 19.851 10.14 5.42 
5 - - - - - - - 19.191 9.88 5.14 
6 - - - - - - - 19.19 9.88 5.14 
7 1.0052 1.0242 1.0336 1.0646 19.36 9.93 5.06 19.46 10.17 5.23 
8 1.0135 1.0165 1.0820 1.1146 18.65 9.07 4.39 18.9 9.22 4.75 
9 1.0065 1.0232 1.0365 1.0674 . 20.07 9.48 5.21 20.21 9.7 5.4 
10 1.0147 1.0271 1.0320 1.0756 19.74 9.58 5.31 20.03 9.84 5.48 
11 1.0090 1.0301 1.1418 1.1868 18.79 8.98 4.23 18.96 9.25 4.83 
12 1.0155 1.0310 1.0961 1.1476 18.74, 9.03 4.37 19.03 9.31 4.79 
13 1.0107 1.0232 1.0758 1.1126 17.71 9.04 4.09 17.9. 9.25 4.4 
14 1.0099 1.0262 1.0765 1.1156 17.69 8.92 4.25 17.87 9.15 4.58 
15 1.0007 1.0146 1.0104 1.0259 18.18 8.96 4.79 18.19 9.09 4.84 
16 1.0106 1.0250 1.0520 1.0898 18.06_ 8.98 4.48 18.25 9.21 4.72 
17 1.0102 1.0217 1.0541 1.0879 18.051 9.01 4.47 18.23. 9.20 4.71 
18 1.0067 1.0327 1.0757 1.1182 17.94 8.88 4.36 18.061 9.17 4.9-9 
19 1.0089 1.0271 1.0450 1.0829 18.00 8.85 4.44 18.161 9.09 4. '64 
20 1.0056 1.0255 1.0405 1.0730 17.83 8.83 4.33 17.931 9.05 4.50 
21 1.0112 1.0296 1.0600 1.1036 17.88, 8.92 4.41 18.081 9.19 4.67 
22 1.0138 1.0345 1.0752 1.1276 
1 
18.15 8.70 4.52 18.401 9.00 4.86 
23 1.0121 1.0303 _ 1.0703 1.1160 18.23 8.75 4.56 18.45 9.02 4.88 
24 1.0145 1.0218 1.0602 1.0990 18.07 8.81 4.71 18.33 9.00 4.99 
-2 29- 
1.0099 
- 1.0054 
1.0234 
1.0238 
1.0495 
1.0691 
1.0847 
1.1005 
18.07, 
18.40 1 
8.81 
8.84 
4.71 
4.63 
18.25 
18.50 
9.01 
9.05 
4.94 
4.95 
27 1.0182 1.0369 1.0805 1.1407 17.63 8.68 4.72 17.915 
- 9.001 5.101 
358 
Appendix 6 
Distortion factors Uni t dimensions I Bul k dimensions 
Data 
sheet 
L-wise 
DF 
(blk/av) 
B-wise 
DF 
(blk/av) 
H-wise 
DF 
(blk/av) 
Volume- 
wise DF 
Length 
(cm) 
Breadth 
(cm) 
Height 
(cm) 
Length 
(cm) 
Breadth 
(cm) 
Heigh 
t 
(cm) 
28 1.0051 1.0080 1.02C 1 1.0416 19.56 9.41 5.11 19.66 9.48 5.26 
29 - - - - - -- - 20.35 9.75 5.73 
30 1.0125 1.0215 1.0588 1.0951 19.26 9.3 5.1 19.50 9.50 5.40 
31 1.0155 1.0227 1.0310 1.0707 19.41 9.17 5.12 19.71 9.38 5.28 
32 - - - - 20.68 , 10.12 5.84 
33 21.30 9.80 5.40 
34 20.50 10.30 K. 35 
-35 20.43 10.12 5.50 
-36 19.00 9.00 5.30 
37 19.25 9.00 5.00 
-38 19-00 8.90 5.10 
39 - 21.00 10.17 5.68 
40 - 20.57 10-00 4.93 
41 - 20.60 10.30 5.60 
42 - 20.00 10.00 5.00 
43 - 18.46 8.98 4.79 
44 - 21.90 10.25 5.50 
45 - 20.00 10.00 5.00 
46 -1.0055 1.0237 1.0378 1.0683 20.06 10-14 5.28 20.17 10.38 3.48 
47 1.0067 1.0034 1.0345 1.0450 20.32 10.06 5.80 20.46 10.09 6.00 
48 1.007 1.0274 1.0295 1.0648 19.26 9.33 5.39 19.39 9.59 5.55 
49 1.006 1.0149 1.0421 1.0645 20.44 10.03. 5.78 20.57 10.18 6.03 
50 1.004 1.0142 1.0439 1.0629 17.80 9.17 4.56 17.87. 9.30 4.76 
51 1.008 1.0222 1.0285 1.0599 17.63 9.02 4.76 17.771 . 9.22 4.89 
-52 
1.006 1.0075 1.0442 1.0580 17.66 9.18 4 . 70 17.761 9.25 4.91 
, 53' 
1.002 1.0738 1.0311 1.1096 17.89. 8.66 4.82 17.93 9.30 4.97 
54 1.013 1.0092 1.0385 1.0616 17.761 9.24 4.81 17.99 9.32 4.00 
55 1.010 1.0105 1.0337 1.0554 17.80 9.22 4.85 17.99 9.31 5.02 
-56- - - - - 
21.85, 
_ 
10.15 5.48 - 
57 1.0133 1.0276 1.0329 1.0755 19.83 9.90 5.10 20.091 10.17 5.27 
58 1.003 1.0077 1.0397 1.0510 19-73 9.71 5.36 19.79 9.78 5.57 
'59 1.007 1.0238 1.0314 1.0629 20.11 10.40 5.78 20.24 10.65 5.96 
ý0- 1 ý01 20 1.0252 1.0657 1.1057 17.73 9.08 4.38 17.94 9.31 4.66 
'61 1.0084 1.0148 1.0332 1.0572 17.87 9.01 4.65 18.02 9.15 4.80 
1.0099 1.0169, 1.0362, 1.0642 19.. 821 10.12. 5.06 20.01 10.29 5.24 
9-3 1 OW L1.02051 1.02851 1.0627 17.691 8.951 4.96, 17.91 9.13, 5.10 
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(C) JOINT FULLNESS FACTORS, JOINT SIZES and WALL WIDTH 
Data 
sheet 
BMT Cross-Sk Wall-Sk Cross- 
Ivc 
Wallwidt 
h 
- 
Bed 
joint 
(FI) 
Chapparu 
(F2) 
H/c 
cross it 
_(F3) 
S/c cross 
. it. 
_(F4) 
Wall 
joint 
(F5) 
(mm) (mm) (mm) (mm) (CM) 
1 21.985 21.788 14.000 1 8.394 21.280 1 ,1 0.75 11 0.5 
2 20.723 8.379 31.927 24.044 21. GOO I 1 1 0.8 1 
3 19.226 32.995 7.000 15-104 20.700 1 1 0.8 1 0.5 
4 18.810 13.656 9.133 25.410 20.700 1 1 1 1 0.5 
5 22.512 1 31.535 13.238 14.173 20.700 1 1 1 1 0.75 
6 22.484 1 32.994 16.238 14.115 21.000 1 1 1 11 0.75 
7 21.067 25.039 9.400 2.613 20.800 1 1 0.15 [1 0.25 
-8 23.408 1 19.849 18.600 9.998 1 20.000 1 - 1 0.5 1 1 
9 12.900 1 24.846 19.400 12.758 20.900 1 1 0.75 1 0.75 
10 12.163 18.964 13.400 10.000 
_20.500 
1 1 0.75 1 0.5 
11 20.956 16.311 7.900 15.322 18.750 1 1 1 1 0.5 
12 16.729 21.881 15.067 18.052 19.567 1 1 1 1 0.75 
13 17.772 19.410 4.200 16.231 18.500 1 1 1 1 0.15 
14 16.667 1 24.141 10.238 14.975 18.857 1 1 0.75 1 0.75 
15 15.471 1 22.308 22.750 20.333 20.200 1 1 1 0.75 1 
16 15.833 13.250 2.333 14.006 18.200 1 1 0.75 0.15 
17 16.469 13.208 3.833 13.257 18.400 1 1 0.75 0.75 0.15 
-18 17.639 11.410 7.400 12.8351 18.500 1 1 1 0.75 0.15 
19 17.013 12.222 8.000 14.000 18.500 1 1 1 0.75 015 
20 19.100 19.693 5.167 16.515 18.167 1 1 1 -1 0.15 
21 19.402 19.335 3.238 16.504 18.167 1 1 1 1 -0.15 
22 20.411 22.063 20.000 16.47111 19.400 1 1 0.85 1 0.90 
23 20.950 21.488 18.625 16.121 19.363 1 1 1 0.75 0.90 
24 16.202 16.345 3.183 14.083 17.935 1 1 0.75 0.75 0.15 
25 15.513 15.680 3.722 14.124 17.989 1 --- 1 0.85 0.85 _ 0715 
26 i6-100 16.792 13.600 13.419 19.040 1 1 0.75 0.85 0.75 
27 17.040 24.207 14.817 16.887 18.842 1 0.75 
28 14.675 19.043 1.975 15.559 19.010 0.85 0.15 
29 22.794 18.551 36.287 17.009 22.750 1 1 0.75 0.75 0.15 
30 15.154 22.555 5.600 16.664 19.160 1 1 0.65 0.75 0.15 
31 14.876 14.815 8.167 16.612 19.150 1 1 0.75-1 0.70 0.25 
32 
33 
13.361 
12.993 
17.319 
_15.621 
18.531 
26.140 
11.251 
15.065 
21.700 
21.833 
1 1 
1 
0.75 
0.75 
0.65 
0.80 
0.25 
0.10 
34 1 19.0281 15.359 14.667 11.0751 21.667 1 1 0.75 0.75 TI 5 
35 _ F J=9.837 14.3761 11.864 9.056 21.0331 1 1 0.75 085 0.10 
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Data 
sheet 
BMT Cross-S/c Wall-S/c Cross- 
H/c 
Wallwidt 
h 
Bed 
joint 
(FI) 
Chapparu 
(172) 
Ivc 
cross R. 
(173) 
S/c cross 
R. 
(174) 
Wall 
joint 
(175) 
36 12.885 20.030 16.829 18.193 19.333 1 1 0.75 0.75 0.15 
37 14.153 1_ 13.536 16.882 21.283 19.267 11 1 0.75 1 0.75 0.15 
38 13.925 17.660 26.790 17.964 20.133 1 1 0.80 0.75 0.15 
39 19.704 21.075 15.550 15.660 21.500 1 1 0.75 0.75 0.15 
40 11.946 5.855 15.750 8.822 21.107 1 1 0.80 0.75 0.15 
41 15.083 
. 
33.985 25.667 12.995 1 22.767 1 1 0.75 0.75 0.15 
42 6.907 1 20.662 13.017 1.402 20.833 1 1 0.75 0.75 015 
43 18.208 1 21.281 17.939 22.739 19.333 1 1 0.70 0.65 0.15 
44 16.679 31.796 28.648 21.629 22.967 11 1 0.75 0.75 0.15 
45 6.020 37.430 20.017 20.167 21.533 1 1 0.70 0.75 0.15 
'46 25.492 21.162 17.075 8.897 21.988 1 1 0.751 0.85 0.50 
47 18.128 22.134 19.366 15.967 22.052 1 1 1 1 0.75 
48 19.1991 17.998 42.119 14.337 22.879 1 0.90 1 1 0.85 
, 49 21.5061 29.313 25.179 20.892 22.587 1 1 1 1 0.75 
50 15.0111 20.462 13.122 11.3701 19.660 1 1 0.75 1 0.5 
51 15.989 25.347 16.571 14.005 19.700 1 1 0.90 1 0.80 
52 14.000 32.353 11.379 13.070 19.507 1 1 1 1 0.75 
53 16.558 25.758 27.144 17.089 20.037 1 1 0.80 1 0.90 
54 18.400 25.345 14.229 9.735 19.893 1 1 0.75 1 0.75 
55 18.550 24.994 14.303 10.022 19.864 1 1 0.75 1 0.75 
56 15.284 16.596 28.073 16.998 23.100 1 1 1 1 1 
57 14.736 27.208 24.991 19.496 22.290 1 1 1 0.95 -0.80 
58 18.804 15.196 40.813 9.833 23.500 1 0.90 1 1 
- 
1 
- 59 15.2291 17.855 17.888 10.7181 22.5851 1- 0.751 0 . 
45 
0-85 
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(D) TYPE OF SAND, MIX PROPORTIONS, MORTAR VOLUMES 
Type of sand Mix 
proportion 
Compaction 
Factor 
RUM 
volume 
(cu. m. ) 
COB 
volume 
(cu. m. ) 
ýFUM 
volume 
(cu. m. ) 
Measured 
volume 
(cu. m. ) 
I Medium - 0.214 0.317344 0.319781 0.301515 - 
'_2 Medium 6 0.214 0.666826 0.683712 0.609936 - 
3 Medium - 0.247 1.095792 1.110646 1.050771 - 
4 Medium 6 0.247 0.422991 0.411865 0.383893 - 
5 Medium 6 0.214 0.654117 0.690906 0.613892 - 
6 Medium 6 0.214 0.454735 0.481102 0.429502 - 
7 Medium 8 0.247 0.199056 0.201933 0.193193 - 
8I Fine 7 0.303 0.762337 0.771632 0.723929 - 
9I Medium. 5 0.247 0.149223 0.15317 0.15009 - 
10 Medium 5 0.247 0.182075 0.185252 0.183245 - 
Ill oarse 
8 0.22 0.116659 0.118165 0.108448 - 
12' coarse 8 0.22 0.219706 0.224859 0.209499 0.2079 
13 Medium 8 0.20 0.207918 0.208967 0.193382 0.212494 
, 14 Medium 
8 0.20 0.363645 0.365127 0.347858 0.373696 
. 15 Coarse 
6 0.21 0.162563 0.172398 0.16263 - 
16 Coarse 8 0.21 0.107108 0.107389 0.099825 0.105603 
17, Coarse 8 0.21 0.216561 0.215459 0.208501 
18 Coarse 8 0.16 0.098397 0.102237 0.097407 - 
19 Coarse 8 0.16 0.094871 0.093740 0.090159 - 
20 Coarse 8 0.24 0.096653 0.097758 0.09031 - 
21 Coarse 8 0.24 0.203216 0.207579 0.190636 - 
22 Coarse 8 0.24 0.09168 0.092493 0.085206 - 
FT coarse 8 0.24 0.152454 0.153585 0.143042 - 
. 24. Medium 
6 0.25 0.278523 0.281632 0.272609 - 
25 Medium 6 0.25 0.44603 0.449298 0.428238 -- 
26 Medium 8 0.25 0.133489 0.135387 0.131289 - 
27 Medium 8 0.22 0.145866 0.149520 0.139804 - 
28 Medium 8 0.22 0.207971 0.216291 0.196105 0.196079 
29 - 
: 7ý 
Medium 6.03 0.247 0.273271 0.2856 0.290652 - 
30 Medium 8 0.245902 0.269393 0.272516 0.273301 0.277098 
31 Fine 8 0.315615 0.15509 0.15764 0.167361 0.172466 
32 
33 
Medium 
Medium 
4.8 
5.4 
0.247 
0.328571 
0.179609 
0.201249 
0.19585 
0.218369 
0.192568 
0.220901 
- 
- 
34 Medium 5.0 0.35 0.218833 0.231118 0.214433 
35 Medium 5.7 0.247 
1 0.290545 0.310296 0.28687 - 
36 Medium 5.1 0.247 
1 0.180713 0.201528 0.204318 - 
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Type of sand Mix 
proportion 
Compaction 
Factor 
RUM 
volume 
(cu. m. ) 
COB 
volume 
(cu. m. ) 
FUM 
volume 
(cu. m. ) 
Measured 
volume 
(cu. m. ) 
37 Coarse 15.5 0.289474 0.350999 0.365947 0.371638 
38 Medium 6.1 0.35 0.251575 0.241047 0.244974 - 
39 Medium 10.9 0.247 0.161221 0.154375 0.147904 - 
40 Medium 5.1 0.247 0.228649 0.206439 0.2007 - 
41 Mediurn 4.8 0.35 0.348786 0.340531 0.33674 - 
42 I Mediurn 6.4 0.247 0.159576 0.140335 0.141499 - 
43 I Medium. 7.7 0.247 0.403054 0.380486 0.382071 - 
44 Medium 9.2 0.247 0.405359 0.391948 0.400388 - 
45 Medium 8 0.32 0.314318 0.287419 0.32283 - 
46 medium 8 0.247 0.130232 0.132719 0.127806 - 
47 
I 
Fine 6.00 0.3000 0.214759 0.215383 0.200745 0.210591 
48 Fine 6.00 0.3010 0.165943 0.168307 0.157864 0.169911 
49 Fine 6.00 0.2575 0.13203 0.1325 ' 
96 0.124407 0.127644 
50 Medium - 0.2174 0.126903 0.127007 0.123098 0.123382 
51 Medium - 0.2174 0.129882 0.129904 0.122002 0.129876 
52 Medium 8.00 0.2174 0.096084 0.095ý59 0.089404 0.102277 
53 Medium - 0.2341 0.143858 0.144398 0.138271 0.139666 
54 Medium 0.2341 0.124899 0.125862 0.118914 0.123731 
55 Medium - 0.2341 0.188404 0.189883 0.179639 0.189835 
56 Medium to 
coarse 
8.00 0.2676 0.060321 0.059437 0.054671 0.058074 
57 F-M 8.00 0.2676 0.105478 0.106227 0.10082 0.110172 
58 Medium- 
Course 
- 0.2308 0.271322 0.278839 0.260578 0.306296 
- P9 I Medium- 
Coarse 
8.00 0.24081 0.134852 
I 
0.1355081 
-- 
0.1317321 0.1449631 
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(E) PROPORTION OF MORTAR IN BRICKWORK JOINTS 
Percentage of tr in joints as a% of COB volume 
Data 
sheet 
InBedJoint Stretchercourse 
crossjoint 
Inwalljoint In header course 
cross joints 
In chapparu 
1 78.98 7.16 2.09 4.40 7.38 
2 68.22 2.18 9.57 13.49 6.53 
3 71.55 12.11 1.15 8.75 6.44 
4 70.84 6.24 1.84 16.11 4.97 
5 73.56 9.90 2.92 8.21 5.40 
6 72.30 10.05 3.36 8.06 6.24 
7 82.18 11.03 0.96 0.49 5.33 
8 80.09 5.83 5.09 4.26 4.73 
9 64.42 13.87 7.60 9.93 4.19 
10 69.32 12.26 4.17 9.59 4.67 
11 80.90 6.90 1.49 10.72 0.00 
12 69.08 10.11 4.02 13.41 3.38 
13 76.31 8.43 0.24 11.70 3.32 
14 73.45 10.66 3.15 7.94 4.80 
15 64.27 5.64 6.67 14.69 8.73 
16 79.64 4.53 0.16 14.81 0.86 
17 83.28 5.10 0.29 9.41 1.92 
18 82.40 4.73 0.51 10.02 2.35 
19 80.54 5.06 0.61 11.46 2.33 
20 77.04 8.71 0.29 12.50 1.46 
_ 21 76.58 9.77 0.19 12.29 1.18 
_ 22 71.33 8.37 6.39 9.93 3.98 
_ 23 73.43 5.92 6.44 10.37 3.83 
_ 24 81.56 6.90 0.27 11.27 0.00 
25 79.14 7.43 0.31 13.12 0.00 
26 75.06 7.25 4.62 9.88 3.19 
27 66.29 11.16 4.11 13.25 5.19 
28 73.61 9.58 0.15 16.65 0.00 
29 77.44 5.76 1.88 7.25 7.67 
76.78 10.01 0.46 12.75 0.00 
31 78.56 6.45 0.72 14.27 0.00 
32 74.82 7.16 1.53 9.65 6.85 
_ 33 75.93 6.17 2.06 11.99 1 3.85 
34 82.69 
1 
5.04 0.97 6.17 1 5.13 
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ý. Percentageof trinjoints asa%of COB volume 
Data 
sheet 
InBedJoint Stretchercourse 
crossjoint 
Inwalljoint In header course 
cross joints 
In chapparu 
35 84.85 4.80 0.78 6.12 3.45 
36 70.14 7.57 1.25 17.96 3.07 
37 75.94 5.29 1.30 16.35 1.13 
38 72.88 6.40 1.87 12.38 6.46 
39 80.41 6.62 0.94 9.11 2.93 
40 82.38 2.70 1.39 8.63 4.89 
41 69.90 9.45 1.33 8.48 10.84 
42 72.01 15.26 1.82 2.08 8.84 
43 76.12 6.26 1.01 12.36 4.25 
44 72.57 8.95 1.54 11.81 5.12 
45 50.30 20.10 1.96 16.64 11.01 
46 80.37 5.90 2.53 4.79 6.41 
47 66.48 9.14 5.53 11.63 7.22 
48 61.73 6.33 12.13 9.11 10.70 
49 65.38 9.53 5.68 12.11 7.29 
71.56 10.39 3.14 6.64 8.26 
65.81 10.06 5.78 9.28 9.08 
52 64.11 13.05 3.64 10.34 8.86 
53 63.45 9.47 8.75 9.63 8.70 
54 71.94 9.83 3.91 5.45 8.87 
55 72.04 8.63 3.51 6.26 9.56 
56 64.19 6.36 11.87 12.33 5.25 
57 59.29 10.52 7.05 13.19 9.95 
58 62.111 4.80, 11.83, 7.95, 13.311 
59 66.45 1 8.911 8.251 6.691 9.711 
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(F) DATA FOR DRY FACTOR AND ITS RELATIONSHIP WITH 
COMPACTION FACTOR 
Type of No. of portions of No. of portions Data for COF Dry 
sand Cement Sand after mixing Ht. Drop COF Factor 
(cm) (cm) 
1 M 2 16 16 30.5 7 
. 
22.95 1.00, 
2 M 2 16 15 30.5 6.5 21.31 1.071 
3 M-F 2 16 15 30.5 6.4 20.98 1.071 
4 M 2 16 15.25 30.5 7 22.95 1.05 
5 M 2 16 16 30.5 6 19.67 1.00 
6 C 3 24 24.33 30.5 7.5 24.59 0.99 
7 C 3 24 24.75 30.5 7.5 24-59 0.97 
8 F 2 16 14.5 30.1 9.4 31.23 1.10 
9 M 1 8 8.432 30.4 6.8 22.37 0.95 
10 F 5 30 28.5 30.0 9 30.00 1.05 
11 F 2 12 11.25 30.0 9 30.00 1.07 
12 F 8 48 44 29.9 9 30.10 1.091 
13 F 3 18 15 29.9 7.7 25.7-5 1.201 
14 F 1 6 5 29.9 7.7 25.75 1.20 
15 M-F 2 16 15.75 29.9 7.7 25.75 1.021 
16 M-F 2 
. 
16 15.75 29.9 6.5 21.74 1.021 
17 M-F 1.5 12 10.333 29.9 7 23.41 1.16 
18 M-F 2 16 15.25 29.91 8 26.76 1.05 
19 M-F 2 12 11.125 29.9 7 23.41 1.08 
20 M 2 10 9.0625 29.9 7 23.41 1.10. 
21 1.3 12 10.664 29.9 7 23.41 1.1251 
23 M 2 12 11.3333 29.9 6.9 23.08 1.06 
24 C-M 2 16 15.0625 29.9 6.9 22.00 0.92 
25 C-M 3 24 26 29.9 6.6 24.08 1.09 
26 F 1 8 7 30.01 6.5 21.67 1.14 
27 C-M 1 81 7.75 30.01 5.31 17.67 1.03 
1 
28 C-M 1 71 6.5 30.01 6.21 20.67 1.08 
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Fine Sand 
Ref. no. COF Mix Dry Factor 
8 31.23 1: 8 1.10 
10 30.00 1: 6 1.053 
11 30.00 1: 6 1.067 
12 30.10 1: 1.09 
13 25.75 1: 6 1.20 
14 25.75 1: 6 1.20 
26 21.6667 1: 8 1.143 
Average 28.806 1.119 
Std. Dev. 3.482 0.060 
Max 31.2292 1.2 
, Min 21.6667. 1.053 INo. of sites 1 71 
Medium Sand 
ReL 
No. 
COF Mix Dry 
Factor 
Remarks 
1 22.95 1 1: 8 1.00 
2 21.31 1 1: 8 1.07 
4 22.95 1: 8 1.05 
5 19.67 1: 8 1.00 
20 23.4114 1: 5 1.103 
21 23.4114 1: 9 1.125 
22 23.0769 1 1: 6 1.059 
17 23.4114 1: 6 1.16 M-F 
3 20.98 1: 8 1.07 M-F 
115 5 25.7525 1: 8 1.02 M-F 
116 6 21.7391 1: 8 1.02 M-F 
18 26.7559 1: 8 1.05 M-F 
19 23.4114 1: 6 1.08 M-F 
Average 1.061 
Std. Dev. 0.048 
Max 1.161 
------ 
Min 1 11 , No. of sites 1 
_131 
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Coarse sand 
Ref. 
No. 
COF 
- 
Mix 
proportion 
Dry 
Factor 
Remarks 
23 23.077 1: 8 1.062241 C-M 
24 22.07 1: 8 0.92 
6 24.59 1: 8 0.99 
7 24.59 1: 8 0.97 
9 17.67 1: 8 0.95 
27 20.67 1: 8 1.032258 C-M 
28 1: 7 1.076923 C-M 
Average 0.999 
Std. Dev. 0.060 
Max 1.076923 
Min 
- - - 
0.916667 
No. o fsi tes 
r7 
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Dry Factor vs. Compaction Factor 
0 
0 
co 
LL 
1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
m 
U 
U 
a 
I 
17.50 19.50 21.50 23.50 25.50 27.50 29.50 31.50 
Compaction Factor 
Regressions of compaction factor with dry factor: 
Constant 1.1 
Std Err of Y Est 0.1 
R Squared 0.1 
No. ol'Observations 24 
Degrees of Freedom 22 
X Coefficient(s) -0.005082484 
Std Err of Coef. 0.004151629 
Poor correlation. 
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(G) OUTPUT DATA 
Sheet 
No. 
No of 
masons 
Duration 
Mason 
hrs. 
Wall 
Length (m) 
Wall 
Height(m) 
Bks+bats/ 
Mason-hr 
Bricks/ 
Mason-hr 
Sq. m. / 
Mason-hr 
Cu. mj 
Mason-hr 
1 2 16.000 3.665 0.915 27.63 27.63 0.210 0.045 
2 1 8.000, 7.350 1.195 105.13 105.13 0.783, 0.164 
3 3 13.2501 11.410 1.340 117.51 115.74 0.933 0.193 
4 1 7.750 3.134 1.480 74.84 74.84 0.598 0.124 
5 1 8.000 3.800 1.730 102.00 102.00 0.821 0.170 
6 2 8.000 3.455 1.297 68.63 68.63 0.554 0.116 
7 2 5.033 3.695 0.645 85.23 61.79 0.473, 0.098 
8 4 12.933 8.873 0.875 102.06 85.52 0.597 0.119 
9 2 2.833 2.472 0.845 109.06 102.00 0.737 0.154 
10 2 3.700 2.380 1.240 120.54 113.51 0.798 0.164 
11 1 0.783 1.650 0.822 268.09 261.06 1.732 0.325 
12 1 1.450 2.990 0.846 293-79 266.21 1.745 0.341 
13 1 1.333 2.682 0.939 318.00 312.00 1.888 0.349 
14 2 3.500 5.035 0.888 213.14 210.86 1.277 0.241 
15 3 3.317 3.960 0.459 79-30 77.34 0.542 0.109 
16 1 0.867 2.908 0.546 300.00 300.00 1.832 0.333 
17 1 2.317 1.640 0.798 225.76 225.76 1.381 0.254 
18 1 0.933 1.639 0.814 237.86 230.36 1.429 0.264 
19 1 1.100 1.640 0.798 201.82 195.45 1.190 0.220 
20 1 0.567 1.910 0.624 337.06 326.91 2.102 0.382 
21 1 2.483 1.910 2.349 161.88 152.92. 1.014 0.184 
22- 1 0.950 1.629 0.591 155.79 149.47i 1.012 0.196 
23 1 1.667 1.630 0.998 148.20 141.90 0.976 0.189 
24 2 3.3331 5.098 0.886 211.50 206.63 1.319, 0.237 
25 2 5.867 5.095 1.377 193.47 189.67 1.196 0.215 
26 2 1.900 2.426 0.749 154.74 150.00 0.956 0.182 
27 1 0.883 2.720 0.642 318.11 296.89 1.978 0.373 
28 2 2.367 5.030 0.658 209.58 194.58 1.398 0.266 
29 3 4.050 3.915 
_0.703 
79.75 77.65 0.679 0.154 
30 2 3.400 5.033 0.860 180.29 170.29 1.231 0.236 
31 2 2.383 1.340 1.915 149.79 143.18 1.047 0.201 
32 2 4.500 2.000 1.394 82.22 80.00 0.619 0.134 
33 2 7.1671 2.040 1.497 57.91 56.76 0.416 , 0.091 
34 2 5.667 5.000 0.565 60.71 59.47 0.465 0.101 
35 2 5.000 3.700 1.020 96.60 95.20 0.755 0.159 
36 2 3.333 3.010 0.960 146.10 125.18 0.867 0.168 
37 4 10.000 5.265 0.990 83.20 79.05 0.521 0.100 
38 2 4.900 4.119 0.757 97.76 96.73 0.637 0.128 
39 1 3.250 3.000 0.596 66.46 64.00 0.550 0.118 
40 2 6.833 3.282 1.003 77.85 77.20 0.482 0.102 
41 2 4.500 4.967 0.760 105.33 104.33 0.839 0.191 
42 2 4.667 6.179 0.492 116.79 114.00 , 0.651 1 0.136 
43 1 2.750 3.000 , 1.151 1 245.45 1 236.18 1 1.615 1 0.312 
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Sheet 
No. 
No of 
masons 
Duration 
Mason 
hrs. 
Wall 
Length (m) 
Wall 
Height(m) 
Bks+bats/ 
Mason-hr 
Bricks/ 
Mason-hr 
Sq. m. / 
Mason-hr 
Cu. mj 
Mason-hr 
44 2 5.000 3.348 1.255 99.00 97.60 0.840 0.193 
45 2 6.667 
. 
7.805 0.591 
. 
111.30 108.90 0.692 0.149 
46 2 1.533 2.785 0.470 108.26 97.07 0.853 0.188 
47 3 3.500 8.068 0.305 78.86 77.71 0.678 0.150 
48 1 2.117 2.621 0.585 99.69 90.83 . 0.711 0.163 
49 3 1.833 3.9111 0.317 74.73 71.73 0.6771 0.153 
50 2 2.367 2.470 0.666 119.58 113.87 0.695 0.137 
51 -3 2.317 2.394 0.636 103.17 101.44 0.657 0.129 
52 2 1.633 1.412 0.854 120.00 117.09 0.738 0.144 
53 2 2.367 2.430 0.647 102.68 100.14 0.665 0.133 
54 2 1.700 3.628 0.399 130.00 126.03 0.851, 0.169 
55 2 2.700 3.630 0.604 122.96 118.89 0.8121 0.161 
56 2 0.800 1.576 0.420 101.25 101.25 0.828 0.191 
57 2 1.500 2.098 0.526 98.00 96.67 0.736 0164 
58 2 3.500. 2.308, 1.086, 114.00, 90.86 0.713 
59 2 2.4331 4.6021 0.3651 93.291 84.25 0.690 
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(H) COURSE-BASED DATA OF WALLS 
Typical table heading: 
course course Full 1/2 1/3 rd 1 1/4 1L of IL of IL of I Ht 
Number Type bricks bricks bricks I bricks lopeningl wall I course I waiýfl 
01 f lCourse 
lNumber Number 
Notes: Course No. I refers to the bottom most course of wall; I- Length; Ht. - Height 
DSOI 
1 1 34 366.5 366.5 91.5 
2 0 34 366.5 366.5 91.5 
3 1 34 366.5 366.5 91.5 
4 0 34 366.5 366.5 91.5 
5, 1 34 366.5 366.5 91.5 
6 - 0 341 366.5 366.5 91.5 
7 1 341 366.5 366.5 91.5 
a 0 34 366.5 366.5 91.5 
9 1 34 366.5 366.5 91.5 
10 0 34 366.5 366.5 91.5 
11 1 34 366.5 366.5 91.5 
12 01 34 1 366.5 366.5 91.5 
13 ll 341 366.5 366.5 91.5 
DS02 
1 1 61 735 735 119.5 
2 0 70 735 735 119.5 
3 1 61 735 735 119.5 
4 0 70 735 735 119.5 
5 1 61 735 7351 119.5 
6 0 70 735 7351 119.5 
7 1 61 735 7351 119.5 
8 0 70 735 7351 119.5 
9 1 33. 337 3371 119.5 
10 0 381 337 337 119.5 
11 1 331 337 337 119.5 
12 0 381 337 337 119.5 
13 1 33 337 337. 119.5 
14 0 38 337 337 119.5 
15 1 33 337 337 119.5 
16 01 38 1 1 337 337 119.5 
171 11 331 1-1 337 337 119.5 
Course 
Type 
Full 
bricks 
1/2 
bricks 
1/3 rd 
bricks 
1/4 
bricks 
L of 
opening 
L of 
wall 
L of 
course 
Ht of 
wall 
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DS03 
1 1 39 651 1141 490 134 
2 0 44 2 651 1141 490 134 
3 1 92 1141 1141 134 
4 0 106 2 2 1141 1141 134 
5 1 
. 
92 1141 1141 1 134 
6 0 1 106 2 2 1141 11411 134 
7 1 1 92 1141 1141 134 
8 01 106 2 2 1141 1141 134 
9 ll 92 1141 1141 134 
10 01 106 2, 2 1141 1141 134 
11 11 76 2 2 316 1141 8251 134 
12 66 316 1141 825 134 
13 1 76 2 2 316 1141 825 134 
14 0 66 316 1141 825 134 
15 1 76 2 2 316 1141 825 134 
16 0 66 316 1141 825, 134 
17 if 76 2 2 316 1141 825 134 
18 ol 66 
- -- 
316 1141 825 134 
r-9 11 76, 2, 
+ 
21 316 1141 825 134. 
DS04 
1 0 30 313.4 313.4 148' 
2 1 25 313.4 313.4 148 
3 0 30 313.4 313.4 148 
4 1 25 313.4 313.4 148 
5 0 30 313.4 313.4 _ 1 148 
6 1 25 313.4 313.4 148 
7 0 30 313.4 313.4 148 
8 1 25 313.4 313.4 148 
9 0 30 313.4 313.4 148 
10 1 25 313.4 313.4 148 
ll o 30 313.4 313.4 148 
12 1 25 313.4 313.4 148 
13 0 30 313.4 313.4 148 
14 1 25 313.4 313.4 148 
15 0 30 313.4 313.4 148 
16 1 25 313.4 Y13.4 148 
17 0 30 313.4 313.4 148 
18 1 25 313.4 313.4 148 
19 0 30 313.4 313.4 148 
20 1 25 313.4 
'313.4 
148 
_ 211 Of 301 313.4 313.4 148 
373 
Appendix 6 
DS05 
2 1 34 1 380 379 173 
3 0 34 380 380 173 
4 1 34 1 380 379 173 
5 0 34 380 380 173 
6 1 , 34 
1 380 379 
, 
173 
7 0 34 380 380 1 173 
8 1 34 1 380 379 1 173 
9 0 34 380 3801 173 
10 1 34 1 380 3791 173 
11 0, 34 380 380 173 
12 11 34 1 380 379 173 
13 01 34 380 380 173 
14 11 34 1 380 379 173 
15 01 34 380 380. 173 
16 1 34 1 380 379 173 
17 0 34 380 380 173 
18 1 34 1 380 379 _ 
173 
19 0 34 380 380 1731 
20 1 34 1 380 379 173 
21 0 34 380 380 173 
22 1 34 1 380 379 173 
23 0 34, 380 380 173 
24, 11 341 1 3801 3791 173 
DS06 
1 0 30 7.5 345.5 338 129.7 
2 1 31 345.5 345.5 129.7 
3 0 30 7.5 345.5 338 129.7 
4' 1 31 345.5 345.5 129.7 
5 0 30 7.5 345.5, 338 129.7 
6 1 31 345.5 345.5 129.7 
7 0 30 7.5 345.5 338 129.7 
8 1 31 345.5 345.5 129.7 
9 0 30 7.5 345.5 338 129.7 
10 1 31 345.5 345.5 
. 
129.7 
11 0 30 7.5 345.5 338 129.7 
12 1 31 345.5 345.5 129.7 
13 0 30 7.5 345.5 338 129.7 
14 1 31 345.5 345.5 129.7 
15 0 30 7.5 345.5 338 129.7 
16 1 31 345.5 345.5 129.7 
17 0 v 30 7.5 1 345.5 338 1 129 7 
31 1 345.5 1 345.5 
11 
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DS07 
1 0 34 369.5 369.5 64.5 
2 1 7 58 369.5 369.5 64.5 
3 0 34 369.5 369.5 64.5 
4 1 7 58 369.5 369.5 64.5 
5 0 331 1 369.5 369.51 64.5 
6 1 51 56 41 369.5 369.51 64.5 
7 0 34 369.5 369.5 64.5 
8 1 7 58 369.5 369.5 64.5 
9 0 34 369.5 369.5 
_64.51 
DS08 
1 1 53 64 8 887.3 879.3 
2 0 86 887.3 887.3 
3 1 53 64 8 887 3 879.3 
4 0 86 887.3 887.3 
5 1 54 , 60 8 887.3 879.3. 
6 0 0 86 887.3 887.3 
7 54 60 8 887.3 879.3 
8 0 86 887.3 887.3 
9 1 54 60 8 887.3 879.3 
10 0 861 1 887.3 887.3 
ll 1 54 60 8 887.3 879.3 
12 0 86 887.3 887.3 
13, 1 54 60 8, 887.3 879.3 
DS09 
1 0 22 247.2 247.2 84.5' 
2 1 19 5 247.2 247.2 84.5 
3 0 22 247.2 247.2 84.5 
4 1 19 6 247.2 247.2 84.5 
5 0 22 247.2 247.2 8 4.5 
6 1 21 5 247.2 247.2 84.5 
7 0 19 6 247.2 247.2 84.5 
8 1 19 8 247.2 247.2 84.5 
9 0 20 2 247.2 247.2 84.5 
10 1 21 4 247.2 , 247.2 84.5 
11 0 22 247.2 247.2 84.5 
12 1 21 4 
1 
247.2 247.2 84.5 
13, 0 . 
22 7 . 
247.2 247.2 
, 
84.5 
375 
Appendix 6 
DSIO 
1 0 22 238 238 124 
2 1 17 10 238 238 124 
3 0 22 238 238 124 
4 1 22 2 238 238 124 
5 0 1 22 1 238 238 1 124 
6 i l 23 238 238 1 124 
7 0 22 238 238 1 124 
8 1 23 238 2381 124 
9 0 22 238 2381 124 
10 1 22 2 238 2381 124 
11 0 22 238 238 124 
12 1 21 2 238 238 124 
13 0 22 238 238 124 
14 1 12 18 238 238 124 
15 0, 22 238 238, 124 
16 1 18 8 238 238 124 
17 0 22 2ý38 238 
- 
124 
18 1 16, 10, 238 238 124 
r---L9- 0 221 1 238, 238 124 
376 
DSII 
1 0 16 165 1651 82.23 
2 1 1 15 2 1 165 1651 82.23 
3 0 16 
1 
165 165 82.23 
4 1 - 15 1 165 165 82.23 
5 - 0 16 165 165 82.23 
6 1 15 1 165 165 82.23 
7 0 16 165 165 , 82.23 
8 1 15 1 165 1651 82.23 
9 0 16 165 165 82.23 
10 1 15 1 165 165 ' 
82.23 
11 0 16 165 165 82.2 
12 1 15 1 165 165 82.23 
13 ,0 1 
16 1 1 165 1 165 1 82.23 
DS12 
1 1 27 299 299 84.6 
2 0 16 20 299 299 84.6 
3 1 26 2 299 299 84.6 
4 0 19 13 299 299 84.6 
_ 5 1 27 299 299, 84.6 
6 0 23 12 299 2991 84.6 
7 1 26 2 299 299 84.6 
8 0 23 10 299 299 84.6 
-9 1 26 4 299 299 84.6 
10 0 28 2 299 299 84.6 
11 1 28 0 299 
299 , 84.6 
12 0 28 2 299 
299 84.6 
13 1 27 2 . 
299 299 84.6 
14 1o l 24 19 1 299 299 84.61 
DS 13 
1 0 26 2 268.2 268.2 93.875 
..., 2 I 1 - 25 268.2 268.2 93.875 
3 0 26 2 268.2 268.2 93.875 
4 25 268.2 268.2 93.875 
5 0 26 2 268.2 268.2 93.875 
6 25 268.2 268.2 93.875 
7 0 26 2 268.2 268.2 93.875 
1 
8 1 25 268.2 268.2 93.875 
9 0 26 2 268.2 268.2 93.875 
10 1 25 268.2 268.2 93.875 
11 0 26 2 268.2 268.2 93.875 
12 1 25 268.2 268.2 93.875 
13 0 26 2 268.2 1 268.2 93.875 
14 1 25 268.2 268.2 93.875 
15 0 26 2 268.2 268.2 93.875 
1ýý 
1116 6 1 25 268.2 268.2 93.875 
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course course Full 1/2 1/3 rd 1/4 1L of IL of IL of I Ht of 0 
Number Type bricks bricks bricks bricks lopeningl wall I course I wa 
ýl lCourse 
lNumber Number 
DS 14 
1 0 50 1 503.5 503.5 88.75 
2 1 49 1 503.5 503.5 88.75 
3 0 50 503.5 503.5 88.75 
4 1 49 3 503.5 503.5 88.75 
5 ,0 50 
503.5 503.5 
, 
88.75 
6 1 47 1 503.5 503.51 88.75 
7 0 50 1 503.5 503.5 88.75 
8 1 47 1 503.5 503.5 88.75 
9 0 50 503.5 503.5 88.75 
10 11 48 1 503.5 503.5 88.75 
11 -- ol 50 503 ,5 503.5, 88.75 
12 11 47 1 503.5 503.51 88.75 
13 0 50 503.5 503.5 88.75 
14 1 48, 1 1 503.5 503.5 88.75 
0 501 1 503.5 503.5 88.75 
DS15 
1 1 26 25 396 371 _ 
45.93 
2 0 36 4 396 396 45.93 
3 1 37 2 3 396 393 45.93 
4 0 38 2 396 396 45.93 
51 11 381 21 1 1 31 39 393, 45.93 
_ 61 ol 381 21 396 45.93 
1 
71 11 381 1 1 31 3961 3931 45.93 
DS16 
1 1 28 290.75 290.75 54.6 , 
2 0 , 30 290.75 290.75 54.6 
3 1 28 290.75 290.75 54.6 
4 0 30 290.75 290.75 54.6 
5 1 28 1 290.75 290.75 54.61 
6 0 30 290.75 290.75 54.6 
7 1 28 290.75 290.75 54.6 
8 0 30 290.75 290.75 54.6 
9 11 281 290.751 290,751 54.6 
DS 17 
I 
Course 
Type 
ll 11 281 
1/3 rd 
bricks 
II-I 
378 
Full 
bricks 
1/2 
bricks 
1/4 
bricks I 
L of 
opening 
L of 
wall 
1 290.51 290 . 51 
L of 
coursel 
Ht of 
wall 
2 0 30 290.5 290.5 110.12 
3 1 28 290.5 290.5 110.12 
4 0 30 290.5 290.5 110.12 
5 1 28 290.5 290.5 110.12 
6 10 30 290.5 290.5 1 110.12 
7 1 28 290.5 290.5 110.12 
8 0 30 290.5 290.5 110.12 
9 1 28 290.5 290.5 110.12 
10 0 30 290.5 290.5 110.12 
11 1 28 290.5 290.5, 110.12 
12 0 30 290.5 290.5 110.12 
13 1 28 290.5 290.5 110.12 
14 
-0 
30. 290.5 290.5 110.12 
15 1 29 290.5 290.5 1.10.12 
16 0 30 290.5 290.5 110.12 
17 1 28 290.5 290.5 
1 
110.12 
is 0 30 290.5 290.5 110.12 
DS 18 
1 0 16 2 163.9 163.9 81.375 
2 1 - 16 163.9 163.9 81.375 
3 0 16 2 163.9 163.9 81.375 
4 1 16 163.9 163.9 81.375 
5 0 16 21 163.9 163.9 81.375. 
6 1 16 163.9 163.9 81.375 
7 0 16 2 163.9 163.9 81.375 
8' 1 - 16 163.9 163.9 81.375 
9 0 16 2 163.9. 163.9 81.375 
10 1 16 163.9 163.9 81.375 
11 0 16 2 163.9 163.9 81.375 
12 1 16 163.9 163.9 81.375 
13 0, 16, 2, 163.9 163.9, 81.375 
DS19 
1 0 16 2 164 164 79.838 
2 1 16 164 164 79.838 
3 0 16 2 164 164 79.838 
4 1 16 164 164 79.838 
_ 5 0 16 2 1641 164 79.838 
6 1 16 164 164 79.838 
7 0 16 2 164 164 79.838 
8 1 16 164 164 79.835 
9 0 16 2 164 164 79.835 
10 1 16 164 , 164 79.835 
11 0 16 2 164 164 79.838 
12 1 16 164 164 79.838 
61 2 164 164 179.8381 
379 
course Course Full 1 1/2 1 1/3 rd 1 1/4 1L of IL of IL of I lit of 
Number Type bricks I bricks I bricks I bricks lopeningl wall I course I wall 
I F I Course lcourse 
I Number I Type Number I Type 
DS20 
1 0 18 2 191 191 62.35 
2 1 18 1 191 191 62.35 
3 0 18 2 191 191 62.35 
4 1 18 191 191 1 
62.35 
5 ol 18 2 191 191 62.35 
6 1 18 191 191 62.35 
7 0 18 2 191 191 62.35 
8 1 18 191 191 62.35 
9 0 18 2 191 191 62.35 
1 
101 11 18 191 191 62.35 
DS21 
1 0 18 2 191 191 234.85 
2 1 18 1 191 191 2 34.85 
3 0 18 2 191 191 234.85 
4 1 18 191 191 234.85 
5 0 18 2 191 191 234.85 
6 1 18 191 191 234.85 
7 0 18 2 191 191 234.85 
8 1 18 191 191 234.85 
9 0 18 2 191 191 234.85 
lo 1 18 191 191 234.85 
11 0 18 2 191 191 234.85 
12 1 18 191 191. 234.85 
13 0 18 2 191 191 234.85 
14 1 18 191 191 234.85 
15 0 18 2 191 191 234.85 
16 1 6 124.7 191 66.31 234.85 
17 0 4 4 124.7 191 66.3 234.85 
18 1 6 124.7 191 66.3 234.85 
T9 0 4 4 124.7 191 66.3 234.85 
20 1 6 124.7 191 66.3 234.85 
21 0 4 4 124.7 191 66.3 234.85 
22 1 6 124.7 191 66.3 234.85 
23 0 6 2 124.7 191 66.3 234.85 
24 1 6 124.7 191 66.3 1234.85 
25 0 6 2 124.7 191 66.3 1234.85 
26 1 6 124.7 19 
11 
66.3 1234.85 
380 
Full 
bricks 
1/2 
bricks I 
1/3 rd 
bricks 
1/4 
bricks 
L of 
opening 
L of 
wall 
L of 
course 
Ht of 
wall 
27 0 3 1 157 191 34 234.85 
28 1 3 157 191 34 234.85 
29 0 3 1 157 191 34 234.85 
30 1 3 157 
, 
191 34 
, 
234.85 
31 ol 3 1 157 191 34 234.85 
32 1 3 157 191 34 234.85 
33 0 3 1 157 191 34 234.85 
34 1 3 157 191 34 234.85 
35 0 3 1 157 191 34 234.85 
36 11 3 157 191 34 234.85 
371 01 3 1 157 191 34 234.85 
DS22 
1 0 16 162.85 162.85 59.05 
2 1 15 2 162.85 162.85 59.05 
3 0 , 
16 162.85 162.85 59.05 
4 1 
1 
15 2, 162.85 162.85 
. 
59.05 
5 0 16 162.85 162.851 59.05 
6 1 15 2 162.85 162.851 59.05 
7 0 16 162.85 162.85 59.05 
81 1. 151 1 2 162.85 162.85 59.05 
91 01 161 1 1 1 1 162.85 162.85 . 05 59 
3 
DS23 
1 0 16 163.03 163.03 99.75 
2 1 15 2 163.03 163.03 99.75 
3 0 16 163.03 163.03 . 99.75 
4 1 15 2 163.03 163.03 99.75 
5 0 16 163.03 163.03 99.75 
6 1 15 2 163.03 163.03 99.75 
7 0 16 163.03 163.03 99.75 
8 1 15 2 163.03 163.03 99.75 
9 0 16 163.03 163.03 99.75 
10 1 15 2 163.03 163.03 99.75 
11 0 16 163.03 163.03 99.75 
12 1 15 2 163.03 163.03 99.75 
13 0 16 163.03 163-03 99.75 
14 1 15 2 163.03 163.03 
- 
99.75 
15 0 iq 163.03 7 - 15.03 T 99.75 
381 
DS24 
1 0 52 509.75 509.75 88.6 
2 1 49 4 509.75 509.75 88.6 
1 
3 52 509.75 509.75 88.6 
4 1 
1 
49 4 509.75 509.75 
1 
88.6 
ß 0 1 52 509.75 509.75 88.6 
6 11 49 4 509.75 509.75 88.6 
7 52 509.75 509.75 88.6 
8 1 49 4 509.75 509.75. 88.6 
9 0 51 509.75 509.751 88.6 
10 
> 
11 47 2 1 509.75 509.751 88.6 
11 0 51 509.75 509.75 88.6 
12 1 48 1 1 509.75 509.75 88.6 
131 0 51 509.75 509.75 88.6 
141 - 1. 31 2_ 187 509.75. 322.75_ 88.6 
DS25 
0 52 509.5 509.5 137.713 
2 1 49 4 509.5 509.5 137.713 
3 0 52 509.5 509.5 137.713 
4 1 49 4 509.51 509.5 137.713 
- 5 0 52 509.5 509.5 137. Tl 3 
6 1 49 4 509.5 509.5 137.713 
7 0 52 509.5 509.51 137.713 
8 1 49 4 509.5 509.5 137.713 
9 0 51 509.5 509.5 137.713 
10 1 47 2 509.5 509.5 137.713 
11 -7 o 51 509.5 509.51 137.713 
12 -1 
48 1 1 509.5 509.5 137.713 
T3 0 51 509.5 509.5 137.713 
14 1 49 2 509.5 509.5 137.713 
15 0 52 509.5 509.51 137.713 
16 1 49 2 509.5 509.5 137.713 
i-7 0 52 509.5 509.5 137.713 
18 1 49 2 509.5 509.5 137.713 
19 0 52 509.5 509.5 137.713 
20 1 49 2 509.5 509.5 137.713 
21 0 1 52 509.5 509.5 137.713 
1 491 
1 
2 
1 
509-51 509.5 '137.713 
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DS26 
1 0 24 242.63 242.63 74.88 
2 1 23 2 242.63 242.63 74.88 
3 0 24 242.63 242.63 74.88 
4 1 23 2 
1 
242.63 242.63 74.88 
5 0 24 242.63 242.63 74.88 
6 1 23 2 242.63 242.63 74.88 
7 0 24 242.63 242.63 74.88 
8 if 23 21 242.63 242.63, 74.88 
9 01 24 242.63 242.63 74.88 
10 1 231 2 242.63 242.63 74.88 
11 0 241 242.63 242.63 74.88, 
12 1 231 2. 242.63 242.63 74.881 
DS27 
1 0 28 272 272 64.24 
2 1 26 2 272 272 64.24 
3 0 28 272 272 64.24 
4 11 25 2 272 272 64.24, 
5 0 18 12 272 272 64.24 
6 1 25 2 272 272 64.24 
7 0 28 272 272 64.24 
8 26 1 272 272 64.24 
9 0 19 12 272 272 64.24 1 
10 1 25 2 272 272 64.24 
DS28 
1 0 47 503 503 65.8 
2 1 46 1 503 503 65.8 
3 0 47 503 503 65.8 
4 1 45 1 503 503 65.8 
5 0 47 503 503 65.8 
6 1 46 1 503 503 65.8 
7 0 12 65 503 503 65.8 
8 1 45 503, 503, 65.8 
--19 01 46 1 5031 5031 6r. A 
10 1 461 1 1 503 1 5031 E5.8 
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I Course ýCourse 1_ FUll 1 1/2 1 1/3 rd 1 1/4 1L of IL of IL of I Ht of 
I Number I Type_Lbricks I bricks I bricks I bricks I opening I wal 11 course I wa ""I 
lCourse 
lNumber Number 
DS29 
1 0 32 2 2 391.5 391.5 70.25 
2 1 35 391.5 391.5 70.25 
3 0 36 2 391.5 391.5 70.25 
4 1 34 1 391.5 391.5 70.25 
5 0 1 34 2 391.5 391.51 70.25 
6 1 35 1 391.5 391.5 70.25 
7 0 36 391.5 391.5 70.25 
8 1 33 2 391.5 391.5 70.25 
9 0 34, 2, 391.5, 391.5, 70.25, 
DS30 
01 0 19 so 503.3 503.3 86 
2 1 45 2 503.3 503.3 86 
3 0 46 503.3 503.3 86 
4 1 46 2 503.3 503.3 86 
5 0 47 503.3 503.3 . 86 
6 1 45 2 503.3 503.31 86 
7 0 47 503.3 503.31 86 
8 1 45 2 503.3 503.31 86 
9 0, 47 503.3 503.31 86 
10 1 45 2 503.3 503.3 86 
11 0 47 1 503.3 503.3 86 
12 1 45 21 503.3 503.3 86 
13 0 27, 1 213.81 503.3 289.5 861 
DS31 
1 0 13 134 134 191.525 
2 1 12 134 134 191.525 
3 0 13 134 134 191.525 
4 1 12 134 134 191.525 
5 01 13 134 134. 191.525 
6 1 12 134 1341 191.525 
7 0 13 134 134 191.525 
8 1 12 134 134 191.525 
9 0 13 134 134 191.525 
10 1 12 134 134 191.525 
11 13 134 1341 191.525 
12 12 134 1341 191.525 
13 01 13 134 134 191.525 
14 11 12 134 134 191.5251 
15 0 12 7.1 134 126.9 191.525 
16 1 
1 
11 3 7.1 134 126.9 191.525 
17 0 12, 7.1 134 1 126.9 191.525 
Course 
Type 
Full 
bricks 
1/2 
bricks I 
1/3 rd 
bricks 
1/4 
bricks 
L of 
opening 
L of 
wall 
L of 
course 
Ht of 
wall 
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18 1 11 3 7.1 134 126.9 1,91.525 
19 0 12 7.1 134 126.9 191.525 
20 1 11 3 7.1 134 126.9 191.525 
21 0 12 7.1 134 126.9 191.525 
22 1 11 3 7.1. 134 126.9 191.525 
23 0 12 7.11 134 126.9 191.525 
24 1 11 3 7.1 134 126.9 1,91.525 
25 0 12 7.1 134 126.9 191.525 
26 1 11 3 7.1 134. 126.9. 191.525 
27 ol 121 7.1 1341 126.91 191.525 
28 11 ill 31 71 1* L 1341 126.91 191.525 
29 ol 121 1 7 l 
t 
1341 126.91 191.525 
DS32 
1 0 18 200 200 139.367 
2 1 17 2 200 200 139.367 
3 0 18 200 200 139.367 
4 1 17 2 200 200 139.367 
5 0 18 200, 200 139.367 
6 1 17 2 200 200 139.367 
7 0 18 200 200 139.367 
8 1 17 2 200 200 139.367 
9 0 18 200 200. 139.367 
10 1 17 2 200 200 139.367 
11 0 18 200 200 139.367 
12' 1 17 2 200 200 139.367 
13 0 18 200 200 139.367 
14 1 17 2 200 200 . 
139.367 
15 0 18 200 200 
1 139.367 
16 1 17 2 200 200 
1139.367 
17 0 18 200 200 
1139.367 
1183 1 17 21 200 200 39.367 
=19 0 18 200 200 139.367 
20 1 17 200 200 139.367 
DS33 
0 is 204 204 149.67 
2 1 18 1 204 204 149.67 
3 0 is 204 204 149.67 
4 1 18 1 204 204 149.67 
5 0 18 204 2041 149.67 
6 1 18 1 204 204 149.67 
7 0 18 204 204 149.67 
8 18 1 204 204 149.67 
9 0 18 204 204 149.67 
10 1 18 1 204 204 149.67 
0 18 204 49.67 
12' - 18 1 204 204 1149.67 
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13 0 18 204 204 149.67 
14 1 18 1 204 204 149.67 
15 0 18 204 204 149.67 
16 1 18 1 204 204 149.67 
17 0 18, 204 204 1149.67 
18 1 18 
1 
204 2041 149.67 
19 0 18 204 2041 149.67 
20 1 18 204 2041 149.67 
21 0 18 204 2041 149.67 
22 1 18 1 204 2041 149.67 
23 0 1 113.33 204 90.6671 149.67 
DS34 
1 0 
- 
46 500 502.5 5.65 
2 1 41 5 500 497.5 5.65 
3 0 46 500 502.5 5.65 
4 1 41 5 500 497.5 5.65 
_ 5 01 46 1 500 502.51 5.65 
6 1 44 2 500 497.5 5.65 
7 0 46 500 502.5 5.65 
1 
8 1 20 2 270 500 21t) 5-65 
DS35 
1 0 34 370 370 102.03' 
2 1 33 2 370 370 102.03 
3 0 34 370 370 102.03 
4 1 33 2 370 370 102.03 
5 0 34 370 1 370 102.03 
6 1 33 2 370 370 102.03 
7 0 34 370 370 102.03 
8 1 33 2 370 370 102.03 
9 0 34 370 370 102.03 
10 1 33 2 370 370 102.03 
11 0 34 370 370 102.03 
12 1 - 33 2 370 370 102.03 
13. 0. 341 370 370 102.03 
141 11 331 2 i 
«1 
3701 
DS36 
1 1 28 2 303 96 
2 0 28 2 303 96 
3 1 26 1 3 303 96 
4 0 28 2 303 96 
51 11 271 41 41 1 1 303 1 96 
61 ol 281 21 
-1 -1 
1 3031 
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7 1 14 27 6 303 96 
8 0 28 2 302 96 
9 1 18 20 2 300 96 
10 0 28 2 300 96 
11 1 28 4 300 96 
12 0 28 2 298 96 
13 1 19 5 17 298 96 
14 0 28 2 298 96 
15 11 15 41 3 298 96 
DS37 
1 1 52 526.5 99 
2 0 52 526.4 99 
3 1 44 8 526.6 99 
4 0 51 1 526.4 99 
5 1 40 12 , 526.5 991 
6 0 50 2 526.3 99 
7 1 42 10 526.6 99 
8 0 51 1 526.4 99 
9 1, 46 6 526.7 99 
10 0 49 3 526.31 99 
11 1 40 12 526.8 99 
12 0 52 526.5 99 
13 1 37 15 526.2 99 
14 51 1 527 99 
15 1 40 12 526.2. 99 
16 0 52 1 526.51 99 
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I Course Icourse 
- 
Full 1 1/2 11/3rdi 1/4 ILof I Lof ILof jHtof 
I Number I Type bricks I bricks I bricks I bricks lopeningl wall I course 
I wall 
I 
lCourse 
Number 
DS38 
1 0 40 412 75.73 
2 1 38 2 412 75.73 
3 0 40 412 75.73 
4 1 39 412 75.73 
51 O 40 1 4121 75.73 
_ 6 -_ 1 37 4 411.51 75.73 
7 0 40 4121 75.73 
8 1 39 412 75.73 
9 0 40 412 75.73 
10 - 1 39 412 75.73 
11 0 40 411 75.73 
12 1 --37 
4 412, 75.73 
DS39 
1 0 24 4 300 300 _59.59 
2 1 26 300 300 59.59 
3 0 24 4 300 300 59.59 
4 26 300 300 59.59 
5 0 24 4 300 3001 59.59 
1 26 300 3001 59.59 
0 24 4 3 3001 59.59 
1 26 3nn 3001 59.59 
DS40 
1 31 1 341 100.3 
2 0 32 343 100.3 
3 1 31 1 341 100.3 
_ 4 0 32 344 100.3 
- 1 31 1 1 3411 100.3 
6 0 32 343.5 100.3 
7 1 31 1 341 100.3 
8 0 32 343 100.3 
9 1 31 1 341 100.3 
10 0 32 344 , 100.3 
31 1 330.5 100.3 
12 0 32 323.55 100.3 
13 1 29 324 100.3 
14 0 _ 30 301 100.3 
15 1 29 282 1 100.3 
16 0 30 300.5 100.3 
17 1 
_2 
7 11 296 
1 100.31 
course 
Type 
Full I 
bricks 
1/2 
bricks 
1/3 rd 
bricks 
1/4 
bricks I 
L of 
opening 
L of 
wall 
L of 
course 
Ht of I 
wall 
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DS41 
1 1 42 1 494 76 
2 0 42 500 76 
3 1 42 1 494 76 
4 0 42 500 76 
5 1 43 2 4941 76 
6 0 42 500 76 
7 1 43 2 494 76 
8' 0 42 
_ 500 76 
9 1 - 42 1 494 76 
10 0 42 - 
500, 76 1 
1 1 43 2 
t 
1 4941 6 : 
DS42 
1 0 63 2 660 49 . 16667 
2 1 66 2 655 49.16667 
3 0 61 6 660 49.16667 
4 1 65 2 656 49.16667 
5 0 64 0 659, 49.16667 
6 64 6 655.5 49 . 16667 
7 0 62 4 656 49.16667 
8 1 58 2 600 49.16667 
9 1 16 12 
3 601 49.16667 
DS43 
0 38 388 115.07 
2 1 31 6 384.1 115.07 
3 0 38 388.5 1115.07 
4 1 31 6 384.3 115.07 
5 0 38 388, 115.07 
6 1 30 7 383.5 115.07 
7 0 38 388.2 115.07 
8 1 32 5 384 115.07 
9 no 38 387.9 115.07 
10 1 33 4 383.4, 115.07 
11 0 38 3881 115.07 
12 1 31 6 383.4 
1115.07 
13 0 38 387.8 
1115.07 
14 1 33 4 384.2 115.07 
15 0 38 388.1 115.07 
16 1 31 6 383.5 115.07 
L7 0 38 1 
388 115.07 - , 
. 11 81 77 30 17 
1 
383.5 1 . _ 
11 Tý: 
17 
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DS44 
1 1 28 330 125.5 
2 0 26 2 336 125.5 
3 1 27 333 125.5 
4 0 26 2 336 125.5 
5 11 27 330 125.51 
6 0 26 2 333 125.5 
7 1 28 336 125.5 
8 0 26 1 333 125.5 
9 11 29 3391 125.5 
10 0 1 26 2 333 125.5 
11 11 28 339 125.5 
12 01 26 1 333 125.5 
13 11 27 339 125.5 
14 ol 26 1 330 125.5 
15 1 26 1 339 125.5 
0 26 1 333 125.5 
1 27, 339 125.5 
0 261 1 335, 125.5 
DS45 
1 0 65 2 780.45 59.12 
2 1 64 4 780.45 59.12 
3 0 66 780.45 59.12 
4 1 64 4 780.45 59.12 
5 0 64 4 780.45 59.12 
6 1 66 780.45 59.12 
7 0 63 6 780.45 59.12 
8 1 64 4 780.45 59.12 
9 780.45, 59.12 
10 
1 
1 65 
1 
2 
1 
780.551 5 
11 0 66 1 1 1 780.51 5 
DS46 
1 0 24 1 278.5 278.5 46.975 
2 1 21 2 8 278.5 278.5 46.975 
3 0 22 6 278.5 278.5 46.975 
4 1 24 4 278.5 278.5 46.975 
5 0 v 241 21 
-- 
278.51 278.51 46 975 
241 21 1 
--21 -1 278.51 278.51 4 
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Course Course Full 1 1/2 1 1/3 rd 1 1/4 1L of IL of IL of I Ht of 
Number Type bricks I bricks I bricks I bricks lopeningl wall I course I wall 
I Icourse 
lNumber Number 
DS47 
1 1 64 63.5 806.7675 743.2675 30.46667 
2 0 66 4 47.25 806.7675 759.5175 30.46667 
3 1 69 806.7675 806.7675 30.46667 
4 0 71 2 806.7675 806.7675 30.46667 
DS48 
1 1 21 4 20 266 246 58.5 
2 0 22 1 3 19.5 261 241.5 58.5 
3 1 20 2 8 260.5 260.5 58.5 
4 0 24 2 264.5 264.5 58.5 
5 11 22 4 259.5 259.5, 58.5 
6 0 24 2 263.5 263.5 58.5 
7 1 
l 
22 4 259 259 58.5 
8 o 24 2 263 263 58.5 
DS49 
1 1 32 2 0 388.5 388.5 31.74 
2 0 33 1 0 393 393 31.74 
3 1 31 2 0 389.5 389.5 31.74 
4 0 33 1 2 0 393.5 393.5 31.74 
DS50 
1 0 24 2 0 247 247 66.63333 
2 1 23 4 0 247 247 66.63333 
3 0 24 2 0 247 247 66 A3333 
4 1 23 2 0 247 247 66.63333 
5 0 24 2 1 0 2471 247 66.63333 
6 1 23 2 0 247 247 66.63333 
7 0 24 2 0 247 247 66.63333 
8 1 23 2 0 247 247 66.63333 
9 0 24 21 1 Ol 247 247, 66.633 
10 1 23 21 1 01 247 , 247 
166.63333 
11 0 24 21 1 1 01 247 1 247 166 . 6333 3 
Course 
Type 
Full 
bricks 
1/2 
bricks 
1/3 rd 
bricks 
1/4 
bricks 
L of 
opening 
L of 
wall Icourse 
L of Ht of 
wall 
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DS51 
1 1 21 1 0 239.425 239.425 63.56 
2 0 - 24 0 239.425 239.425 63.56 
3 1 23 1 0 239.425 239.425 63.56 
4 0 24 0 239.425 239.425 63.56 
5 1 23 1 1 0 1239.425 239.425 63.56 
6 0 24 0 239.425 239.425 _ 
63.56 
7 1 23 2 0 239.425 239.425 63.56 
8 0 24 0 239.425 239.425 63.56 
9 1 23 11 0 239.425 239.4251 63.561 
101 ol 241 
1 0, 239.425, 239.4251 63.561 
DS52 
1 0 14 
0 142.5 142.5 85.4 
2 1 13 1 
0 138.5 138.5 85.4 
3 0 14 0 
143.1 143.1 85.4 
4 1 13 1 
0 139 139 85.4 
5 0 144 L 
0 
0 
143.6 
139 5 
143.6, 
5 139 
85.4 
85 4 
6 13 1 . . . 
7 0 14 
0 143 143 85.4 
8 1 13 1 
0 
0 
139.2 
2 143 
139.2 
143 2 
85.4 
85 4 
-9 
0 ý14 . ) 
. 
2 139 
. . 
85 4 
lo 1 13 1 - 
. . 
11 0 14 
ol 142.9 142.9 85.4 
12 1 13 1 
0 140.5 140.5 8,5.4 
13 0 141 
- 
0 143 
5 139 
143 
5 139 
85.4 
85 4 
14 1 131 1 1 F- 0 . , . 1 . 
DS53 
1 1 23 2 
0 243 243 64.725 
2 0 - 24 
0 243 243 64.725 
3 1 23 2 
0 243 243 64.725 
4 0 24 0 
243 243 64.725 
5 1 23 1 01 243 
243 64.725 
6 0 24 0 243 243 
64.725 
7 23 2 0 243 243 
64.725 
8 0 24 0 243 243 
64.7525 
23 1 l i0 243 1 243 4.725 164 . 725 ý-- 
10 10 1 24 1 
1 10 
1 243 
1 243 4.725 164 . 725 
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DS54 
1 1 34 2 2 0 362.7667 3 62.7667 39.9 
2 0 36 0 3 62 . 7667 3 62 . 7667 39.9 
3 1 34 2 2 0 3 62.7667 3 62.7667 39.9 
4 0 36 0 3 62.7667 362.7667 39.9 
51 1 34 2, 1, 0. 3 62.76671 3 62.7667 39 9 
61 ol 361 1 1 01 3 62.76671 3 62.766 
DS55 
1 1 34 2 2 0 362.95 362.95 39.9 
2 0 36 0 362.95 362.95 39.9 
3 1 34 2 2 0 362.95 362.95 39.9 
4 0 36 0 362.95 362.95 39.9 
51 1 34 2 11 0 362.95 362.95, 39.9 
_ 6 0 36 0 362.95 362.951 39.9 
7 1 34 2 1 0 362.9a 362.951 39.9 
8 0 36 0 362.95 362.951 39.9 
9 11 34, 2, 2 0 362.95, 362*951 39.91 
DS56 
1 0 14 0 166.8 166.8 42 . 03846 
2 1 13 0 153.8 153 .8 42 . 03 846 
3 0 14 0 161.5 161.5 42.03 846 
4 1 13 0 152.2 152.2 42.03 846 
5 0 14 i 0, 160.51 160.51 42 03846 
6 1 131 
i i 
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Course Course Full 1 1/2 1/3 rd 114 L of 
IL of I Ht of 
Number Type bricks I bricks bricks bricks 
lopeningl wall lcourse I wall 
Icourse 
lNumber Number 
DS57 
1 1 18 0 216.5 216.5 52.625 
2 0 18 0 209.5 209.5 52.625 
3 1 18 0 207 207 52.625 
4 0 18 0 208.5 208.5 52.625 
5 1 18 0 207.5 207.5 52.625 
6 0 18 2 0 212 212 52.625 
7 1 17 0 210 210 52.625 
] 
8 0 18 2 0 207 207 52.625 
DS58 
1 1 11 16 2 11 230.7625 219.7625 108.55 
2 0 20 2 230.7625 230.7625 108.55 
3 1 12 16 2 230.7625 230.7625 108.55 
4 0 22 230.7625 230.7625 108.55 
5 1 12 is 2 230.7625 230.7625, 108.55 
6 0 22 230.7625 230.7625 108.55 
7 1 11 18 2 230.7625 230.7625 108.55 
8 0 22 230.7625 230.7625 108.55 
9 1 11 18 2 230.7625 230.7625 108.55. 
10 0 22 230.7625 
230.7625 108.55 
11 1 12 16 2 230.7625 230.7625 108.55 
12 0 22 230.7625 230.7625 108.55 
13 1 12 18 2 230.7625 230.7625 108.55 
14 o l 22 230.7625 230.7625 
1 
1 10 . 55. 
15 1 12 16 2 
1 23 0.7625 23 0.7625 108.551 
DS59 
1 0 42 1 0 460.4 460.4 36.5 
2 -1 
_ 34 8 2 460.7 460.7 36.5 
3 0 42 1 459.5 459.5 36.5 
4 1 25 30 459.5 459.5 36.5 
0 1 42 ,- I . -- 
461 1 461 1 36.51 
Course 
Type 
Full 
bricks 
1/2 
bricks I 
1/3 rd I 
bricks 
1/4 
bricks 
L of 
opening 
L of 
wall 
L of 
course 
Ht of 
wall 
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Appendix 7.1: Interview Guide: Craftsman Questionnaire Survey 
CRAFTSMAN QUESTIONNAIRE SURVEY 
Name of project 
Name of contractor 
Name of s/contractor 
Direct/ Sk labour 
Name of craftsman 
Years of experience 
Trade certificates Yes/ No 
PREPARATION OF MORTAR 
1. 
2. 
How do you mix mortar? Hand/Machine 
How do you measure sand and cement for preparing mortar? 
WASTAGE OF MATERIALS (Referenece to long term values) 
3. 
4. 
5. 
6. 
7. 
How many pans of mortar go waste when bricks are laid? 
How much sand go waste for every cube? 
How muhc of cement go waste (due to hardening, broken bags, etc. )? 
How many bricks are go waste due to breakages (i. e. for every 1000)? 
In which course do you use broken bricks? 
Header 
- 
Stretcher No preferencp_ 
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WALL & JOINT SIZES 
8. How do you fix the wall thickness? 
How thick is the bed mortar? 
10. How do you decide on the bed mortar thickness? 
Is it easy to lay bricks with a large bed joint? Yes / No 
12. Is it difficult to lay bricks with a small bed joint? Yes / No 
endix 7.2: Sample Characterisets of Interviewed Bricklayers 
Characteristic Average Std. Dev. Range 
Age (years) 39.5 14.3 20-78 
years of experience (years) 18.9 13.9 5-62 
396 
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Appendix 7.4: Minimum Size of Bed Joint Reguired to Cope with Chaos 
Average bk. ht. 4.84 5.17 5.06 4.39 5.13 5.31 4.23 4.37 4.09 4.25 4.79 4.48 4.47 4.36 
Std Dev. (mm) 0.14 2.58 2.07 1.85 1.12 1.97 2.16 2.16 2.02 1.73 1.95 1.40 1.33 0.97 
Minimum(mm) 4.60 4.40_ 4.80 4.10 4.90 5.00 4.00 4.10 3.80 4.00 4.40 4.30 4.20 4.20 
Maximum(mm) 5.00 5.601 5.50 4.601 5.20 5.601 4.50 4.80 4.40 4.40 5.00 4.80 4.801 4.50 
Av. BMT 21.98 18.811 21.07 23.41 13.67 12.16 20.96 16.73 17.77 16.67 15.47 15-83 16.47 17.64 
2*(Max-Av) 3.20 8.671 8.80 4.20 1.33 5.80 5.401 8.60, 6.20 
- 
3.00 4.13 6.33 6.58 2.80 
(Max-Av. )Ht. 1.60 4.33 4.40 2.10, 0.67 
L 
2.90 2.701 4.301 3.101 1.50 2.06 3.17 3.29 1.40 
DS 1 4 7 8 9 10 11 
1 
12 15 1 18 
Averaýe bk. ht. 4.44 4.33 4.41 4.52 4.56 14.71 
1 
4.71 4.63 4.72 5.11 5.10 5.12 5.28 5.80 
Std. Dev. (mm) 
- 
3.03 1.26 1.64 2.35 2.09 2.76 
1 
2.50 3.02 1.55 2.25 1.70 1.75 1.32 2.01 
minimum(mm) 4.00 4.20 4.20 4.30 4.20 4.201 4.20 4.10 4.50 4.60 4.90 4.90 5.00 5.20 
Maximum(mm) 5.00 
1 
4.50 
1 
4.80 5.00 
1 
5.00 5.20 
1 
5.201 5.10 4.901 5.40 5.401 5.40 5.40 6.10 
Av. BMT 17.01 19.101 19.40 20.41 
1 
20.95 16.20 15.511 16.10 17.04 14.68 15.15 14.88 25.49 18.13 
2*(Max-Av) 11.20 3.50 7.86 9.601 8.90 9.83 9.831 9.40 3.60 5.75 6.00 5.67 2.40. 5.92ý 
(Max-Av. )Ht. 5.60 1.75 3.93 4.80 4.45 4.92 4.92 4.70 1.80 2. 
- 
88. 3.00 2.83 
DS 19 20 21 22 23 24 , 25 
. 
26 1 27 28 
1 
29 30 
Average bk. hL 5.39 5.78 5.78 4.56 4.76 4.70 4.82 4.81 4.85 5.48 5.10 5.36 5.78 
Std Dev. (mm) 2.27 2.11 2.11 1.97 2.17 2.16 2.20 1.74 1.61 2.24 1.46 2.78 1.62 
Minimum(mm) 5.00 5.10 5.10 4.10 4.40 4.40 4.40 4.50 4.50 5.10 4.80 4.90 5.40 
Maximum(mm) 6.00 6.10 6.10 4.901 5.10 5.001 5.20 5.201 5.20 6.30 5.40 5.901 6.00 
Av. BMT 19.20 21.51 21.51 15.011 15.99. 14.00 16.56 18.40 18.55 15.28 14.74 18.80 15.23 
2*(Max-Av) 12.15 6.31 6.31 6.871 6.86 6.00 7.67 7.80 6.93 16.44 5.91 10.88 4.46 
Av. )HL (Max- 6.07 3.16 3.16 3.43 3.43 , 3.00 1 
3.83 3.90 3.47 8.22 2.951 5.44 , 2.23 
_ 
DS 48 48 49 50 51 
1 
521 53 56 
1 
571 58 
11 
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Appendix 7.5: Interpretation of Bricklayers Responses 
On Table 7.8: Note the following: 
L Response 7 was scored a 'no' because walls are always built with chapparu. 
ii. Responses 8,9,10 were scored an 'yes' as the focus was not on 'too large' joints. 
iii. Response II was scored as an 'yes', because it does not limit use of large joints to 
coarse sands. 
iv. Response 12 was scored as an 'yes' because walls are not usually raised much at a 
time. 
V. Response 13 was scored as an 'yes' because excess use of chapparu refers to an 
extreme situations. 
Appendix 7.6: Some Factors Affecting Size of the Bed joint 
Compiled from Table 7.7 and 7.8: 
Why can't small joints be used ? Why can't large joints be used? 
Can't place the brick properly. Bricks tend to tilt. 
Sand has to be sieved. When the chapparu joint is large. 
Difficult with distortions in bricks. Can't raise the wall too much at a time 
Difficult to level brick courses. Difficult to level brick courses. 
Appendix 7-8: Interview Guide - Design Office Executives Questionnaire Survey 
I.., , What are the minimum sizes of columns/beams 
What are the standard sizes of columns/beams? 
I What are the usual service loads on columns ? 
What are the usual design loads on columns ? 
What are the sizes specified in architectural drawings ? 
6. - Are the sizes referred to 
finish/structural sizes, etc. ? 
7. How do you decide on the spans? 
.1 8. Do you principles of dimensional co-ordination in design? 
9' How is brickwork described in the BoQ ? 
10. Wat is the Specification used ? 
11. Do you think smaller column sizes (ie 200x 200) can be used ? 
12. What are the actual values seen at sitýs ? 
13., What are the norms adopted for pricing brickwork and how are prices arrived at? 
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Appendix 7.10: List of Invitees and Participants at the Seminar on 'Managing Chaos in 
Sri Lankan Brickwork' including the Titles of Pavers Presented 
(A) List of Invitecs (Those who attended in bold) 
Abeysirigunawardena, Hector (Dr), Director Engieering, Sri Lanka Standards Institution 
Balasuperamaniam, R (Mr), Confiri Managmenet Services (Pvt) Ltd, 33, St. Michaels Road, Colombo. 3 
Bogahawate, VTL (Dr), Director, National Building Research Organisation 
Chandrakeerthi, SR de S (Prof). University Moratuwa. 
Chandrasena, Mr HD (Mr) - Chairman, Cost Consultancy Services (Pvt) Ltd, 185/2, Model Farm Road, 
Colombo 8 
de Mel, WJR (Mrs), Engineer, Mahaweli Engineering and Construction Agency. 
t de Silva, Indrani (Mrs), Chief Architect, State Engineering Corporation. 
de Mel, Jayantha (Mr), Director (Consultancy), ICTAD, Savsiripaya, 123 Wijerama Mawatha, Colombo 
de Saram, Harsha (Mr), Managing Director, International Construction Company Ltd, ICC 
de Silva, Nimal (Prof), Dept. of Architecture, University of Moratuwa. 
de. Silva, Sriyani (Mrs), Asst. Director (Construction Economics), ICTAD, Savsiripaya, 123 Wijerama Mawatha, 
Colombo 7. 
Dias, Priyan (130, University of Moratuwa, Katubedda, Moratuwa. (Out of the island at the time of the Seminar) 
Ferdinando, DRN (Mr), Manager (Consultancy)/ Chief Designs Engineer, SEC. 
Gunawardena, N (Dr), University of Moratuwa, Katubedda, Moratuwa. 
Gunasekera, Mervyn, Managing Director, LAN Management Services (Pvt) Ltd., Singer Building, Colombo 4. 
Gooneratne, Jitendra (Mr), Executive Director, Keells Development Ltd, 320/1 Union Place, Colombo 2. 
Jayawardena, Ananda (Dr), University of moratuwa, 
katubedda, Moratuwa. 
1, -ý 
jayawardene, Patrick (Eng), Managing Director, Link Engineering Ltd, 97A, Galle Road, Colombo 3. 
jeerasinghe L. W. (Eng), Secretary, Western Provincial Council. 
I- , 
Karunaratne G (Mrs), Deputy Director(Technical), CHPB, 'Savsiripaya', 123 Wijerama Mawatha, Cmb. 7 
Kodikara, P, (Mrs), Seniro Lecturer, Open University of Sri Lanka, Nawala, Nugegoda. 
Kumarasinghe, Jaliya (Eng), Senior Engineer, Link Engineering (Pvt) Ltd., 97A, Galle Road, Colombo 3. 
1%4unasinghe F-L (Mr), Ex-Chairman, ICTAD/ Consultant, National Association of Construction 
Contractors of Sri Lanka (NACCSWL), NACCSL, 'Savsiripaya", 123, Wijerama Mawatha. 
NallatharnbY, V (Ms), Managing Director, Samuel Sons Co., 164, Messenger Strect, Colombo 12. 
Nissanka, V-, Managing Director, Construction Techniques (Pvt) Ltd., 43B, Lauries Road, Colombo 4. 
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Panditha, Chitral (Eng), Chairman/Managing Director, PROMEC, 500/125, Thimbirigasyaya Road, 
Colombo 5. 
Perera, Asoka (Dr), University of Moratuwa, Katubedda, Moratuwa. 
Piyaratne, Tilak (Arch), Design Counter, 32, Sujatha Avenue, Kalubowila, Dehiwela 
Ranasinghe, Vajira (Mrs), Deputy Director (Industry Development), ICrAD, Savsiripaya, 123 Wijerama Mawatha, 
Colombo 7. 
Rajapakse, Nimal (Mr), Project Manager, Luxury Apartments for Queens Road Project, Tudawe Brothers 
Ratnayake, AM (Mr), Project Manager, McOcean Office Complex Project, Sanken Lanka (Pvt) ltd. 
Sri Nammuni, Vidura (Archt. ), 0/29, Fairfield Gardens, Colombo 8 
1 1.; Tissera, Conrad (Mr. ), Addl. Secretary, Ministry of Housing, Construction and Utilities, Sethsiripaya, Battaramulla. 
Tudawe, Rohan (Mr), Managing Director, Thudawe Brothers Ltd. 505t2, Elvitigala Mawatha, Colombo 5 
(Nominee participated) 
Wedikkara, Chitra (Mrs), Design Consortium Ltd, 83, Kynsey Road, Colombo 8. 
WiJesekera, DS (Prof), Chairman, ICTAD, Savsiripaya, 123 Wijerania Mawatha. Colombo 7. 
Zylva, Eddie (Mr), Consultant, NACCSL, 'Savsirip4ya, 123 WiJerama Mawatha, Colombo 7. 
(B) List of Participants who attended 
Airport Aviation Authority: 
G Withanage (Mr), Engineer 
Board of Investment 
WD Wijesdasa (Mr) 
Shantha Kumara (Mr) 
Confifi Management Services (Pvt) Ltd 
R Balasuperamaniam (Mr) - Consultant Quantity Surveyor 
A Lokuhetti (Mr) - General Manager, Eden Hotels 
Colombo Land & Development Company 
Joachim, M. E. (DO 
Central Engineering and Consultancy Bureau 
RAC de Silva NO 
DFM Percra (Mr) 
GH Pathmasid NO 
Cost Consultancy Services (Pvt) Ltd 
Sepali Weersinghe (Ms) - Quantity Surveyor 
Colombo Municipal Council 
Femando MCL, Architect 
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de Saram. Darshi - Engineer 
Engineering Consultants Ltd 
Radampola S (Ms) - Engineer 
Fire-X Projects (Pvt) Ltd 
Jayasinghe, Adrian (Mr) - General Manager 
International Construction Consortium (Pvt) Ltd. 
Panditharatne, Mahinda (Mr) 
Fonseka, Gunaratne (Mr) 
Keells Development 
Nishshanka C Walaliyedde (Mr) - Senior Quantity Surveyor 
Link Engineering (Pvt) Ltd. 
P Narampanawa (Mr) 
Maga Engineering (Pte) Ltd 
Derrick de Silva (Major) - Director - Administration 
Mahaweli Economic & Construction Agency 
NP Jayawardena (Eng) 
RB Tennekoon (Eng) 
KMM Ali (Eng) 
WMJ Weerasuriya (Mrs) (Eng) 
Ministry of Housing Construction and Public Utilities 
S Paramanandan (Mr) - Director (Works) 
Municipal Council -Kandy , S Wijeratne - Engineer 
National Building Research Organisation 
Wickremasekera, Kumidini (Mrs) 
Galmath GRSB NO 
Jayawardena EDDN (Mrs) 
Aberuwan, Viraj (Mr) 
Wijayananda KVS (Mr) 
Navaratne BDL (Mr) 
Navi Development (Pvt) Ltd 
Jayaratnarn J. (Mr) - Managing Director 
Sri Lanka Air Force (Construction Division) 
DCV Perera (Air Commodore) 
K Samaratunge (Wing Commander) 
AP Abeysekera (Sqd Leader) 
DMJ Bandara (Sqd Leader) 
UMUD Hewavissa (Sqd Leader) 
State Development and Construction Corporation 
W Thiyambarawatta (Deputy General Manager) 
Sunil KK (Mr), Engineer 
Rajasinharn (Mr), Engineer 
State Engineering Corporation 
Rahathungoda, CKP (Mr) 
de Silva, Rohana (Actng. Chief Designs Engineer) 
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Strad Consultants (Pvt) Ltd. 
MD Wijeratne (Mr), Director 
Tudawe Brothers 
M Wijayananda (Mr) 
LL Athuraliya (Mr) 
Union Construction (Pvt) Ltd 
WMMS Mendis (Eng) - Director/General Manager 
JA Mubarak (Mr) - Project Manager - Kandy 
UN Gunasekera 
DN Gunasekera (Mr), Managing Director 
Western Provincical. Council (Education) 
Fernando IM (Ms), Engineer 
Munasinghe KA ((Mr), Engineer 
Walker Sons & Co. Ltd 
R Colombage (Mr) 
Titles and authors of papers published: 
(a) Profiling chaos in Sri Lankan brickwork - 
WVKM Abeysekera 
(b) Cost and strength comparison between available and standard size bricks - 
Dr G Kodikara 
(c) State of the art in managing brickwork operations in Sri Lanka: Case Studies - 
WVKM Abeysekera 
(d) Coping with variations in brick size, joint sizes and wall thickness - 
WVKM Abeysekera 
(e) Mine restoration bond for clay mining and its impact on prices of burnt clay bricks - 
Dr M Ranasinghe 
Cost characteristics of brickwork: The past, the present and the future - 
WVKM Abeysekera. 
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Appendix 7.11: Tolerances of Bricks Used for Mortar Conumption Studies. 
Increase over BS/ Total no. of sites Number of case exceeding permissib. e deviations 
SLS values (mm) failing to comply Length Breadth Height 
0 36 3 30 27 
1 14 2 4 11 
2 4 1 1 2 
3 3 1 1 
4 3 
5 1 0 0 
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Appendix 8.1 : Sample Characteristics of Walls used for Broad Output Indicators 
Number of walls built with one mason 16 
Number of walls built with two masons - 33 
Number of walls built with three masons - 06 
Number of walls built with four masons - 02 
Average study duration and std. deviation 
Average length of wall and std. deviation 
Average height of walls and std. Deviation 
4.09; 3.27 mason hours 
3.65; 2.01 m 
0.88; 0.41 m 
Appendix 8.2: List of Micro-Activities Used in Activity Sampling Studies 
(A) Activity Sampling Categories 
CateRorv 
- 
Descrij2tion 
Main Sub 
1 
t 
s 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
t 
pb 
se 
m 
I 
ms 
c, s, b, 
M, W 
c, s, b, 
M, W 
Fetch bricks 
Travel to fetch bricks 
Sorting bricks for size 
Break bricks 
Place bricks 
Set line 
Fetch mortar (Note: It was difficult to separate this activity to 
with respect to different joints) 
Travel to fetch mortar 
Mix mortar 
Collect/pick mortar 
Spread bed mortar (including mortar falling into wall joint) 
Fill/shovel mortar into cross joints (any spreading of mortar 
for this purpose included under this category) 
Chapparu. 
Rakejoints 
Check for verticality with plumb bob 
Check for verticality with straight edge 
Set up work 
Waiting beyond the control of mason due to lack of materials 
Waiting beyond the control of mason due to lack of labour 
Waiting for other mason to complete his part of the work 
Idling/relaxing 
Recover 
Giving/receiving instructions 
Away from work locality 
Other work (inspecting) 
Load (cement, sand, bricks, mortar, water) 
Unload (cement, sand, bricks, mortar, water) 
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22 c, s, b, 
M, W 
24 
25 
Transport (cement, sand, bricks, mortar, water) 
Measure 
Stacking bricks after transportation 
(B) Reference to items in Table 8.2:, 
Item in Table: Classification Item 
1. Set line: 
2. Plumb brick: 
3. Fetch brick: 
4. Place brick: 
5. Travel to fetch brick: 
6. Fetch mortar: 
7. Spread bed mortar: 
8. Fill perpend joints: 
9. Chapparu: 
10. Other: 
11. Idle/Recover/Relax: 
4 
12 
1, Is 
3 
It 
5 
8 
9 
10 
2,6,7,11,13,20-25 
14-18 
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Appendix 8.3: Data related to Walls used in Activity Sampling Studies. 
Case 1 2 3 4 5 
Unit Averages 
of bricks: (cm) 
Length 19.46 18.65 20.07 19.74 19.26 
Breadth 10.17 9.07 9.48 9.58 9.30 
Height 5.23 4.39 5.13 5.31 5.10 
Wall thickness(cm) 20.8 20.0 20.9 20.5 19.26 
Wall length (m) 3.695 8.873 2.472 2.38 5.033 
Wall height (m) 0.645 0.875 2.472 2.38 0.860 
No. of courses 9 13 13 19 1 13 
Joint sizes: (nun) 
Bed mortarjoint 21.0 23.41 13.67 10.00 15.15 
Chapparu joint 14.40 13.50 8.30- 20.50 0.00 
Sle cross joint 25.04 19.85 24.85 12.16 22.50 
Sk wall joint 9.40 18.60 19.40 18.96 5.60 
H/c cross joint 2.61 9.998 12.78 13.40 16.66 
F1 1.3889 1.15 1.3889 1.3889 1.13889 
F2 1.00 1.00 1.00 1.00 - 
F3 0.75 0.50 0.75 0.75 0.75 
F4 1.00 1.00 1.00 1.00 0.75 
F5 0.75 1.00 0.75 0.50 0.15 
Study duration (hrs. ) 
- 
2.517 3.2333 1.417 1.85 1.70 
T 
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Appendix 8.4: Percent Increase in Hourly Outputs with a Taller Brick Size (When 
Doubling Bed Joint in walls without chapparu) 
Sensitivity of Hourly Outputs to Changes in Micro-Activity Rates 
when Doubling Bed Mortar Joints (Percent Increase in Output) 
Data: Length of wall: 3.5 m. 
Medium type sand; FI=1.1577; F2-F5 = 1.0; TS=TH=15mm 
Brick sizes for walls without chapparu (mm): 
Case 1: TW = 190; 190 x 92.5 x 55 Case 3: TW = 215; 215 x 105 x 55 
Case 2: TW = ý00; 200 x 97.5 x 55 Case 4: TW = 225; 225 x 110 x 55 
Case 1 2 3 4 
Initial BMT (mm) 10 10 10 10 
New BMT (mm) 20 20 20 20 
Wall thickness (nun) 190 200 215 225 
Comb. Bricks Mortar Relaxn. 
1 F F F 6.47 6.01 5.32 4.86 
3 S Av. (0.77) (1.52), (2.64) (3.36) 
5 Av Av. Av. 5.27 4.72 3.89 3.34 
7 F Av. 10.06 9.79 9.39 9.12 
9 S S 4.81 4.23 3.35 2.77 
kvpendix 8.5: Percent Increase in Hourly Outputs with a Taller Brick Size (When 
Doubling Bed Joint in Walls with Chapparu) 
Sensitivity of Hourly Outputs to Changes in Micro-Activity Rates 
when Doubling Bed Mortar Joints (Percent Increase in Output) 
Data: Length of wall: 3.5 m. 
Medium type sand; FI=1.1577; F2-F5 = 1.0; TS=TH=15mm 
Brick sizes for walls without chapparu (mm): 
Case 1: TW = 190; 180 x 87.5 x 45 Case 3: TW 215,205 x 100 x 45 
Case 2: TW = 200; 190 x 90.0 x 45 Case 4: TW 225; 215 x 105 x 45 
Wall 1 2 3 4 
Initial BMT (nun) 10 10 10 10 
New BMT (mm) 20 20 20 20 
Wall thickness (mm) 190 200 215 225 
Comb. Bricks Mortar Relaxn, 
1 F F F 9.10 8.73 8.03 7.60 
- 3 S Av. 5.96 6.85 7.83 8.46 
5 Av Av. Av. 7.87 7.43 6.55 6.02 
7 F Av. 12.37 12.15 11.75 11.49 
19 1 S S1 7.58 7.12 6.22 5.67 
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_Appendix 
8.6 - Indicators of Hourly Outputs by Changing the Size of the Bricklat 
constant height) 
Data: Length of wall: 3.5 m. 
Medium type sand; FI=1.1577; F2-F5 1.0; TS=TH=15mm 
Wall thickness 190 mm 
Brick size Chapparu BMT S Av F S/F/Av F/S/Av 
184 x 87 x 45 06 10 100' '100 11100 100 
178 x 84 x 45 12 93.49 94.36 93.04 95.24 91.20 
166 x 78 x 45 24 82.48 84.56 81.45 86.64 77.42 
150 x 78 x 45 40 73.28 76.40 71-50 79.60 65.99 
06 20 too 100 100 100" 
Same set as 12 94.06 94.84 93.55 95.42 92.37 
above 24 83.86 85.75 82.65 87.09 80.03 
40 75.16 78.06 73.13 80.24 69.39 
06 30 100 100 too 100 
Same set as 12 94.54 95.25 93.99 95.58 93.27- 
above 24 85 * 03 - - - 
86.77 83.70 87.51 82.09 
40 7 6- 80+ 7 9.5 0 74-58 80.84 72.18 
Wall Thickness 200 mm 
194 x 92 x 45 06 10 A 00 00, "U100" 100 t! v, 
188x89x45 12 93.57 94.40 93.05 95.29 91.25 
176 x 83 x 45 24 82.57 84.68 81.51 86.29 77.55 
l60x75x45 40 77.03 76.86 75.74 80.72 69.14 
06 20 I t, qoo, -ý,, 100 00 ýz 00ý, ý, 
Same set as 12 94.2 94.91 93.59 95.48. 92.47 
above 24 84.03 85.94 82.78 87.28 80.27 
40 75.72 75.02 74.11 80.04 65.54 
06 30 - 400"1''-, 100. jooiýý. " 
Same set as 12 94.63 95.34 94.05 95.65 93.40 
above 24 85.26 87.01 83.89 _ 7.73 82.40 
40 73.30 73.26 72.54 79.37 62.30-1 
All dimensions are in millimetres. 
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Data: Length of wall: 3.5 m. 
Medium type sand; FI=1.1577; 172-175 1.0; TS=TH=15mm 
Wall thickness 215 mm 
Brick size Chapparu BMT S Av F S/F/Av F/S/Av 
209 x 99.5 x 45 06 10 100, 1 '100 100-- , 
203 x 96.5 x 45 12 93.54 94.45 93.07 95.34 91.33 
191 x 90.5 x 45 24 82.67 84.84 81.58 86.97 77.74 
175 x 82.5 x 45 40 71.27 74.36 69.76 77.38 64.71 
06 20 ý""-"'100 ý"" : 1". 
"400, !; A001"-': -100 
7 
Same set as 12 94.20 95.01 93.66 95.55 92.62 
above 24 84.26 86.21 82.96 87.51 80.62 
40 73.56 76.41 71.73 78.21 
-- 
68.60 
06 30 1,66 106 
710-0., 7 
ýT I Same set as 12 94.74 95.46 94.15 95.74 93.58 
above 24 85.58 87.35 84.15 88.00 
40 75.52 78.15 73.45 78.98 71.71- 
Wall Thickness 225 mm 
219 x 104.5 x 45 06 10 '% 
00 : 100 100' l00'V!,, "'7 
Oe, 0 
213 x 101.5 x 45 12 93.56 94.48 93.08 95.37 91.38 
201 x 95.5 x 45 24 82.73 84.93 81.61 87.06 77.86 
185 x 87.5 x 45 40 71.39 74.54 69.85 77.58 64.89 
06 20 t6o i0o, -11,100, vi-r 
Same set as 12 94.25 95.06 93.70 95-59 92.72 
above 24 84.40 86.36 83.07 87.63 80.85 
40 73.81 76.69 71.92 78.46 68.93 
06 30 ý'': 1 10 0 : 1'' 100y"', 
Same set as 12 94.81 95.53 94.21 95.79 93.69 
above 24 85.77 87.55 84.32 88.16 83.13 
40 75.85 78.50 73.73 79.28 
d 
72.14 
1ý 
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-Appendix 
8.7 - Increase in Hourly Outputs by Changing the Height of the Brick from 
'45 mm to 55 mm for Two Different Sizes of Chapparu (i. e. 6 mm and 12 mm). 
i Data: Length of wall: 3.5 m. 
Medium type sand; FI=1.1577; F2-F5 = 1.0; TS = TH = 15 mm 
(A) Chapparu =6 mm; Bed mortar thickness = 20 mm. 
Brick size Chapparu WT S Av F S/F/Av F/S/Av 
184 x 87 x 45 to 55 06 mm. 190 8.55 8.54 13.97 11.29 5.19 
194 x 92 x 45 to 55 200 8.46 8.44 13.76 11.17 5.21 
209 x 99.5 x 45 to 55 215 8.35 8.32 13.5 11-00 5.27 
219 x 104.5 x 45 to 55 225 8.29 8.26 13.36 1 10-90 1 5.31 
(B) Chapparu = 12 mm; Bed mortar thickness = 20 mm. 
166 x78 x 45 to 55 12 mm. 190 6.81 7.13 5.69 10.07 3.21 
176 x 83 x 45 to 55 200 6.70 7.01 5.56 9.92 3.22-- 
203 x 96.5 x 45 to 55 215 7.67 7.78 6.53 10.53 4.49- 
213 x 101.5 x 45 to 55 225 7.60 7.70 6.45 10.41 4.53 
WT - Wall thickness; All dimensions are millimetres. 
endix 8.8: Increase in Output when Reducing the De2ree of Joint Fullness in the 
; Stretcher / Header Course 
Joints from 1.00 to 0.75 
Brick size (mm) Wall BMT Combination 
Chapparu =6 nun 
TS=TH=20mm 
width (mm) (mm) S Av F S/F/Av F/S/Av 
184 x 87 x 45 190 10 10.11 10.15 11.68 5.57 16.57 
194 x 92 x 45 200 10.32 10.36 11.91 5.75 16.65 
209 x 99.5 x 45 210 10.60 10.65 12.22 6.02 16.74 
219 x 104.5 x 45 225 10.76 10.82 12.40 6.18 16.77 
411 
Appendix 8 
Appendix 8.9: ý Increase in Hourly Outputs of Walls with Chapparu Over Those 
Without: Cross Joints Under-filled by 25 % *, Brick Height of 45 mm (%) 
DATA: Length of wall: 3.5 m; Medium type sand; FI=1.1577; F2-F5 = 1.0; 
TS =TH= 15mm; Bed mortar thickness (BMT) = 20 nim. 
Brick sizes for walls without chapparu (mm): 
Case 1: TW = 190; 190 x 92.5 x 45 Case 3: TW = 215; 215 x 105 x 45 
Case 2: TW = 200; 200 x 97.5 x 45 Case 4: TW = 225; 225 x 110 x 45 
Brick size for walls 
with chapparu, 
WT 
(mm) 
Chapparu 
(mm. ) 
S Av. F S/F/Av F/s/Av 
1 180 x 87.5 x 45 190 10 (1-64) (0.47) (0.93) (3.81) (8.21) 
170 x 82.5 x 45 20 (9.76) (7.75) (9.77) (3.26) (18.56) 
160 x 77.5 x 45 30 (16.85) (14.26) (17.37) (9.73) (26.92), 
150 x 72.5 x 45 40 (23.12) (20.15) (23.99) (15.7 1) (33.82)1 
2 190 x 92.5 x 45 200 10 (1.45) (0.26) (0.73) 3.50 (6.50) 
. 180 x 87.5 x 45 20 (9.46) (7.42) (9.50) (3.26) (16.02) 
170 x 82.5 x 45 30 (16.46) (13.82) (17.02) (9.48) (23.89) 
. 160 x 77.5 x 45 40 (22.64) (19.60) (23.56) (15.23) (30.50) 
3 205 x 100 x 45 215 10 (1.19) 0.02 (0.48) 4.03 (6.29) 
_ 195 x 95 x 45 20 (9.07) (6.98) (9.13) (2.59) (15.62) 
185 x 90 x 45 30 (15.94) (13.24) (16.56) (8.67) (23.35) 
175 x 85 x 45 40 (22.00) (18.87) (23.00) (14.28) (29.85)1 
4 215 x 105 x 45 225 10 (1.04) 0.19 (0.33) 4.26 (6.15) 
_ 205 x 100 x 45 20 (8.83) (6.72) (8.92) (2.19) -(15.37) 
_ 195 x 95 x 45 30 (15.63) (12.89) (16.28) (8.19) (23.00) 
185 x 90 x 45 40 (21.62) (18.45) 
1 
(22.67) (13.71) 
1 
(29.44) 
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A endix 8.10: Increase in Hourl IIE OutPuts M of Walls with Cha aru Over Those 
Without - Height of Brick 55 mm 
lu 
DATA: 
Length of wall: 3.5 m; Medium type sand; F I= 1.1577; F2-F5 = 1.0; TS =TH= 15mm 
Bed mortar thickness (BMT) = 20 mm. 
Brick sizes for walls without chavvaru (mm): 
Case 1: TW = 190; 190 x 92.5 x 45 Case 3: TW = 215; 215 x 105 x 45 
Case 2: TW = 200; 200 x 97.5 x 45 Case 4: TW = 225; 225 x 110 x 45 
Brick size for walls 
with chapparu 
WT 
(mm) 
Chapparu 
(mm) 
S Av. F S/F/AV S/F/Av 
1 180 x 87.5 x 45 190 10 (4.93) (3.29) (4.71) 1.24 (10.50) 
170 x 82.5 x 45 20 (14.58) (11.87) (15.10) (7.04) (21.79) 
_ 160 x 77.5 x 45 30 (22.63) (19.24) (23.61) (14.33) (30.65) 
150 x 72.5 x 45 40 (29.47) (25.67) (30.72) (20.83) (37.79) 
2 190 x 92.5 x 45 200 10 (4.79) (3.13) (4.58) 1.09 (10.35) 
180 x 87.5 x 45 20 (14.38) (11.63) (14.92) (6.85) (21.54). 
170 x 82.5 x 45 30 (22.36) (18.92) (23.38) (13.89) (30.32) 
_ 160 x 77.5 x 45 40 (29.14) (25.72) (30.45) (20.18) (37.41) 
3 205 x 100 x 45 215 10 (4.60) (2.92) (4.41) 1.50 (10.13) 
195 x 95 x 45 20 (14.10) (11.31) (14.68) (6.37) (21.17) 
_ 185 x 90 x 45 30 (22.00) (18.50) (23.07) (13.32) (29.85), 
_ 175 x 85 x 45 40 (28.70) (24.75) (30.08) (19.52) (36.87)1 
4 215 x 105 x 45 225 10 (4.49) (2.80) (4.31) 1.74 '(10.00) 
_ 205 x 100 x 45 20 (13.93) (11.11) (14.53) (6.09) (20.93) 
195 x 95 x 45 30 (21.78) (18.24) (22.89) (12.99) 1 (29.55) 
185 x 90 x 45 40 (28.43) (24.44) (29.86) (19.14 
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Appendix 8.11: Increase in Hourly_Outputs M of Walls with Chapparu Over Those 
Without - Cross joints Under-filled by 25%, Heiaht of Brick 55 mm 
DATA: 
Length of wall: 3.5 m; Medium type sand; F I= 1.1577; F2-F5 = 1.0; TS =TH= 15mm 
Bed mortar thickness (BMT) = 20 mm. 
Brick sizes for walls without chapparg (mm): 
Case 1: TW = 190; 190 x 92.5 x 45 Case 3: TW = 215; 215 x 105 x 45 
Case 2: TW = 200; 200 x 97.5 x 45 Case 4: TW = 225; 225 x 110 x 45 
Brick size for walls 
with chapparu. 
WT 
(mm) 
Chapparu 
(mm) 
.S Av. F S/F/Av F/S/Av 
1 180 x 87.5 x 45 190 10 (2.91) (1.56) (2.41) 2.85_ (8.21) 
170 x 82.5 x 45 20 (11.65) (9.35) (11.89) (4.69) (18.56) 
160 x 77.5 x 45 30 (19.13) (16.22) (19.87) (11.48) (26.92) 
150 x 72.5 x 45 40 (25.65) (22.32) (26.71) (17.67) (33.82) 
2 190 x 92.5 x 45 200 10 (2.74) (1.37) (2.24) 2.60 (8.05) 
180 x 87.5 x 45 20 (11.39) (9.06) (11.66) (4.61) (18.29), 
170 x 82.5 x 45 30 (18.80) (15.83) (19.58) (11.55) (26.56)] 
160 x 77.5 x 45 40 (25.23) (21.85) (26.36) (17.12)_ (33.40)] 
3 205 x 100 x 45 215 10 (2.51) (1.12) (2.02) 3.09 (7.84) 
195 x 95 x 45 20 (11.04) (8.67) (11.35) (4.02) (17.90) 
185 x 90 x 45 30 (18.34) (15.31) (19.18) (10.44) (26.05) 
175 x 85 x 45 40 (24.68) (21.21) (25.88) (16.28) (32.80)1 
4 215 x 105 x 45 225 10 (2.09) (0.97) (1.90) 3.38 (7.71) 
205 x 100 x 45 20 (11.75) (8.44) (11.16) (3.67) (17.65) 
195 x 95 x 45 30 (19.17) (15.01) (18.95), (10.02) 1 (25.72) 
185 x 90 x 45 40 (25.57) 1 (20.83) (25.60)1 (15.79) 
1 (32.41) 
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Appendix 8.12: Graph of Bricks/Mason Hr. vs. Wall Thickness 
Bricks & Bats/M. hr. vs Wall Thickness 
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Appendix 8.13: Graph of Bricks/Mason Hr. vs. Bed Mortar Thickness 
Bdcks & Ms/M. hr. \s. Bed MortarThickness 
0 350 
0 3001 (n 
cu 
1 
E 250 
<D 200 - 
150 - Co 
06 100 - 
cn 1 
-ýe 
.0 
501 
Co 0 
400 
350 
300 
250 
II ir I 
200 
1 rIn 
100 
50 
011 
17.0 18.0 19.0 
UU 
10 15 20 
Bed Mortar Thickress (cm) 
im 
U 
25 
415 
Appendix 8 
Appendix 8.14: Graph of Bricks/Mason Hr. vs. Brick Height 
Býcks & Bats/M. Hr. \s Bdck Height 
7C5 
ý0- 
400 
350 
': 300 Xý 
:E 250 
200 
9 150 
100 
50 
m 
I 
01- --- --, 
3.50 4.00 4.50 5.00 5.50 6.00 
Bdck Hägft (cm) 
416 
Appendix 8 
Appendix 8.15: Graj)h ot'Bricks/M. hr. vs. Volume of Mortar/M. hr. 
No. of bricks+bats/ Mason-hr VS Vol. of Mtr per Mason-hr 
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Appendix 8.16: Graph of Bricks/M. hr. vs. Volume of Mortar/M. hr. /Unit Width/ Unit 
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Appendix 8.17: G raph of Bricks/M. Iir. vs. Volume of Moi-tar/M. lir. /Unit Width/Unit 
Bed mortar'nickness/Unit Height 
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Appendix 8.18: Graph of Bricks/M. hr. vs. Volume of Mortar/M. hr. [Unit Wall 
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Appendix 8.19: Graph ol'Bricks/M. 1ir. vs Volume of Mortar/M. Iir. /Unit Width of 
WalUUnit Bed MortarThickness/Unit Volume of Brick 
Bdck Productimty VS Vol. of Mtr/(TW*BMT*L*B*H) 
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Appendix 9.1: Data for Material Prices (in Rs. ) 
Year Kochchikade 
bricks per 
1000 
Cement per 
50 kg bag 
Sand per 
cube 
Source 
1969 90.00 11.25 30.00 Statistical Bulletin, MLGH&C 
1979 200.00 45.00 . 119.34 Statistical Bulletin, MLGH&C 
1981 344.17 89.50 167.00 Archives of a private house builder 
1985 486.28 113.02 281.83 Statistical Bulletin, MLGH&C 
1986 500.33 110.60 296.58 Statistical Bulletin, MLGH&C 
1987 532.93 116.19 336.71 ICTAD Database 
1988 662.54 116.72 393.74 
1989 749.23 132.84 428.05 
1990 813.58 175.25 484.48 
1991 844.23 172.80' 563.67 
1992 939.78 192.17 654.63 
1993 1,233.95 213.90 719.27 
1994 1,598.27 237.11 890.69 
1995 1,457.78 242.46 1,089.26 
1996 1,434.51 268.77 1,088.02 
(One f. - Rs. 90/-, 1996) 
No details are available on the data collection procedure adopted by the Statistical Unit of the 
Ministry of Local Government Housing and Construction (MLGH&Q. 
ICTAD publishes price indices for 43 items of construction materials. The price of cement 
given herein is based on weighted average index. The prices of bricks and sand are based on 
prices at hardware shops. As the brick prices quoted by ICTAD was an average including the 
larger size bricks from Kaduwela, the prices were re-computed to take account of small size 
bricks from Kochchichikade. 
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Appendix 9.3: Controlled Prices of Sanstha Cement (around August 1994) 
These ceiling on prices were introduced by the Government to control prices. Actually prices 
often exceeded these limits during times of shortages. 
All imported cements are subjected to a compulsory import inspection scheme 
(Warusavithana, 1995), despite various problems. 
Colombo 269.00 132 km Batticaloa 287.00 271 km 
Gamapha 266.00 - Trincomalee 277.00 180 km 
Kalutara 274.00 176 km Kurunegala 263.00 87 km 
Kandy 268.00 129 km Puttalam 256.00 0 km 
Matale 271.00 155 km Anuradhapura 263.00 74 km 
Nuwaraeliya 283.00 206 km Polonnaruwa 275.00 176 km 
Galle 1 283.00 248 km Badulla 285.00 263 km 
Matara 289.00 293 km Ratnapura 279.00 206 km 
Harnbantota 291.00 330 km Kegalle 269.00 119 km 
Jaffna 285.00 269 km 
Note: There are four factories in Sri Lanka which manufacture cement; The one in the North 
of Sri Lanka is not in production due to ethnic/civil disturbances. The Ceylon Cement 
Corporation factory located at Puttalam (in the north-west) manufactures cement. The 
Ruhunu cement factory in the southern part of Sri Lanka, and the Tokyo Cement Company in 
the north-east produce OPC cements by grinding imported clinker at their plants located at 
Galle and Trincomalee. The other major supplier of cement is the Mahaweli Marine Cement 
Company which imports bulk cement and re-bags in Sri Lanka. 
Anj2endix 9.4: Prices of Bricks (Groups 1 to 4) 
Group Unit average of brick Colombo Price per Remarks 
sizes (mm) brick in Rupees (May '96) 
(Delivered to site) 
1 240 x 140 x 93 7/50 at Homagama Bricks from Embilipitiya 
7/80 to Colombo (A city about 300 km from 
Colombo) 
2 232 x 105 x 61 3/50 SEC bricks 
216 x 105 x 67 3/00 Bricks produced by Dr Malik 
Ranasinghe 
3 203 x 102 x 52 inO at kiln; Bricks from Kaduwela 2/10 to Colombo 
193 x 92 x 56 2/60 Special supplier to a SEC site 
15x 91 x5l -1/40 Hardware shop in Colombo 
165 x 87.5 x 48 1/40 
(One f= Rs. 90/-, 1996) 
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Appendix 9.5: Contractor Survey: Interview Guides 
CONTRACTOR SURVEY - INTERVIEW GUIDEIREPORTING FORMAT: 
CONSTRUCTION MANAGERS 
Name/Grade of contractor: 
Name of person interviewed: 
Designation: Date 
01. How do you procure your bricks? 
Regular/long term suppliers 
Paper Advertisements 
Other 
02. What types of bricks are procured? 
Large bricks rn where? 
Small bricks 
Other 
03. Any attempts made to select bricks? Yes / No 
If yes, What? 
04. 
o5. 
What type of sand is procured for brickwork? Fine ... Medium.... Coarse 
How do you procure sand? 
Regular suppler 
From Source 
Paper Ads 
Other 
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06. How do you procure cement? 
07. How do you transport materials to work locations from unloaded places? 
Specialist S/C 
Task to DAL 
]Labour S/C 
Use own labour with labour s/c 
Other 
08. What type of labour do you use for brickwork? 
DL S/C Both 
_ 
Other 
09. How do you mix mortar? Machine/By hand 
10. How do you measure sand? Use pans / Use gauge boxes / Other 
11. Do you take into consideration bulking? Yes/No 
12. How do you decide on wall thickness? 
According to contract documents 
To suit the brick size 
Negotiate with consultant/client 
No control 
Other 
13. How do you control the wall thickness? 
Mark on floor 
Other 
14. How do you control joint sizes? 
Use gauge staff 
Other 
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15. How do you control wastage with respect to bricks? 
Allow use of half bricks 
Other 
16. How much of bricks go waste? 
Kaduwela Kochchikade, Other 
17. Do you adopt any incentive schemes for brickworks? Yes / No 
18. How do You control costs? 
Through sub-contracting 
Monthly cost control Statements 
Other 
19. Do you give feed backs to the estimating division? Yes/No 
If yes, explain follow up action 
20. Any special problems? 
21. What are the rates paid to sub-contractors? Rs. Ground Floor/ 
22. What is the average wages of mason ? Rs. per day 
What is the average wage of a labourer Rs. per day 
Notes: 
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CONTRACTOR SURVEY - INTERVIEW GUIDE/REPORTING FORMAT 
ESTIMATORS 
Name/Grade of contractor: 
Name of person interviewed: 
Designation: -Date 
01. How do you price brick work? 
02. How do you deal with price fluctuations? 
03. What is the norm used for costing brickwork? 
Mix 
Unit 
Cement 
Sand 
Bricks 
Mason 
Skilled 
04. What factors affect the change in the rates of sub-contractors? 
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05. How do you deal with rate increases for sub-contractors? 
06. How do you decide on the prices of Materials and labour? 
Bricks 
Sand 
07. 
Cement 
Labour 
What is the procedure adopted when giving out work to sub-contractors? 
08. How do you decide on the 0&P factor? What range? 
09. 
10. 
11. 
12. 
What are the problems encountered when costing brickwork? 
Do you monitor site costs? Yes / No 
Do you adjust the brickwork norm with different wall widths? Yes / No 
Do you adjust the brickwork norm with different joint sizes? Yes/No 
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Appendix 9.6: Names of People Interviewed in Construction/Property Development 
OrIjanisations: 
Name of organisation Organisation Name of person interviewed Designation 
Link Engineering (Pvt) Contractor - Gr I Mr Vimoo Jayawardena Director 
Ltd Mr Jaliya Kumarasinghe Senior Project 
Manager 
Mr C. Hemchandra - Do - 
Mr Amith Thilakasiri Project Manager 
Mr Mahinda Gunawardena Chief Quantity 
Surveyor 
Mr Bandula Ranaweera Supplies Officer 
Tudawe Brothers Contractor - Gr I Mr Nimal Rajapaksa Project Manager 
Ltd Mr AT Nissanka Asst. PM 
Mr Jayakish Tudawe Director 
Mr Nimal Silva Chief Estimator 
Mr A Kamal Estimator 
Samuel & Sons Contractor - Gr I Ws V. Nallathamby Manager 
Ltd. (Construction) 
Mr S Radakrishnan Rate Analyst 
Mrs S Wanniarachchi Chief Estimator 
Maga Engineering Contractor - Gr I Mr A Ratnayake Director 
(Pvt) Ltd. Mr D Devanandan Chief Quantity 
o Surveyor 
Mr KRP Alwis Project Manager 
UN Gunasekera & Contractor - Gr I Mr Dhammika Gunasekera Managing 
Co. Ltd. Director 
Mr Renchen Perera Chief Quantity 
Surveyor 
Sanken Lanka (Pvt) Ltd Contractor - Gr I Mr AM Ratnayake Project Manager 
Mr D Chadrapala Senior Engineer 
Mr Daluwatta/Mr Jayantha/ Estimators 
Miss Kumudu Construction 
Mr Hettiarachchi Superintendent 
State Engineering Contractor - Gr I Nimal Perera Senior Project 
Corporation Manager * 
Mr PS Nanayakkara Chief Quantity 
Surveyor 
Mr NH Tilakaratna Estimator 
Mr Purna Ratnaweera Resident Project 
Manager 
International Contractor - Gr I Mr Namal Pieris Senior Manager 
Construction Co. Mr Gunaratna Ratnasekera Chief Estimator 
Ltd. Mr Chula Thenuwara Proiect Manager 
Sri Palee Contractors Contractor - Gr 3 Mr Ruwan de Silva Managing 
(Pvt) Ltd Director 
Construction Tech- Contractor - Gr 3 Mr Kamalsiri Nissanka Managing 
nigules (PvtJ Ltd _ Director Vajira House Property KA Lal Estimator 
Builders Developer 
Keels Homes (Pvt) Property Mr Nihal Uduwara Director (Projects) 
dra Gunaratne Executive Director 
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Appendix 9.7: Discussions with Main Contractors: Estimating Cost of Brickwork 
Discussions with Mr. Mahinda Gunawardena, Chief Quantity Surveyor (CQS) of Link 
Engineering (Pvt) Ltd (a Grade 1 contractor) revealed that many factors affect pricing 
decisions: 
Locality of project. (e. g. Colombo, Kandy, Galle, with broad district-wise 
divisions. ) 
Wastage of materials with respect to their sources. (e. g. If bricks available in 
Galle are to be used, then a higher percentage should be adopted). 
Contractual provisions for reimbursement of additional costs due to price 
fluctuations (If there isn't a provision for such recovery, the practice is to 
calculate the total labour and material cost for the project and then adding an 
average percentage(s) to cover the project period. No attempt is made to adjust 
on a rate by rate basis). 
iv. Risks involved (e. g. Ex-factory prices of cement are cheaper than market 
prices due to frequent shortages; Some brands of imported cement are also 
cheaper. However, cheaper prices are not used in estimating due to frequent 
scarcities. ) 
V. Site conditions and terrain (e. g. In the construction of Kadugannawa 
Meditation Centre in the hill country, labour costs had to be increased to allow 
for head carry). 
vi. Proximity to sources of materials. ( e. g. Projects in close proximity to brick 
producing areas use local bricks even though transporting from elsewhere is 
cheaper! ). 
Vil. The ability of conventional material sources to cope with demand; (For 
example, in the construction of 5 star resort hotel in Kandalama(1995), bricks 
had to be transported from Colombo as the sources close to the hotel could not 
cope with the demand; The cost of a brick was almost the cost of transport! ) 
viii. Sub-contract rates; The procedure adopted when deciding on rates for new 
projects is to obtain information from site staff on 'comfortable rates' - 
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meaning rates at which sub-contractors could be easily motivated to undertake 
work. In addition, site quantity surveyors are expected to keep records of 
productivity levels so as to facilitate evaluations of complaints made by the 
subs on any inadequacies of rates. Whilst expressing many shortcomings in 
such record keeping, commented that there is always a 'price push' as a result 
of work available at higher rates in the ' house construction sector'; The subs 
who work both for the main contractors and house owners, act as the 'pressure 
group' in this push towards higher rates. 
Further discussions with Grade 1 contractors revealed that not all the factors mentioned above 
are taken into account; The manner in which these factors are treated also differ. In addition, 
there were other considerations; Mr. Devadasen, the CQS from Maga Engineering (Pvt) Ltd. 
considered the need to gauge the attitude of the consulting engineers and architects on 
brickwork, when in doubt; Informal discussions with them during the tender stage is 
considered to useful, as for example to assess whether the wall thickness could be reduced to 
suit smaller brick sizes. In addition, the need to examine the nature of brickwork (i. e. 
whether, the walls are of intricate shapes, short with openings, etc. ) was also cited as factors 
that need to be taken care of, whilst resorting to subjective judgements for rate adjustment. 
Mr. A. W. D. Chandrapala, a senior engineer of Sanken Lanka (Pvt) Ltd. suggested the need 
to consider factors such as the duration of the project, type of sub-contracting (whether with 
materials or without materials). 
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Appendix 9.8: Wastage of Cement, Sand, Mortar and Bricks 
See Appendix 7.1 for Craftsman Questionnaire Survey Interview Guide which established 
these values. 
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Appendix 9.9: Brick Sizes Assumed for Computation of Unit Volume Cost of Bricks 
Year Length Breadth Height Source/Basis 
1969 206.4 101.6 57.2 Based on examination of sizes used in a building 
constructed in 1972; Imperial size: 8 1/8" x 4"x 2 1/4" 
1979 203.2 98.4 
I 
54 Assumed as 8" x3 7/8" x2 1/8" in keeping with the 
general decline in size. 
1981 203.2 98.4 1 54 Takerý to be same as above. 
1985 198 96 1 49 Same as 1986 data given below. 
1986 1198 96 49 Abeysekera, 1987; Site Survey data 
1987 195.75 95.25 48.5 
1988 193.50 94.50 48.0 Interpolated using data for 1986 & 1990. 
1989 191.25 93.75 1 47.5 
1990 189 93 47 Abeysekera, 1990; Site survey data 
1991 
_ 189 93 47 1990 values when compared with data for mortar 
1992 189 93 47 consumption wall appear to be similar. 
1993 177 90 1 47 Established based on 
interviews with brick 
1994 177 90 47 transporters. Taken as 1996 values. See Chapter 
1995 177 90 47 3.2.7 
1996 177 90 47 Site survey, 1996 
Note: Years given tally with price data in Appendix 9.1 
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Appendix 9.10: Site Survey Data 1996. 
Length (cm) Breadth (cm) Height (cm) LIB Ratio L- 2B (mm) 
1 17.07 8.97 4.73 1.90 -8.67 
2 17.50 9.03 4.78 1.94 -5.50 
3 17.275 9 4.825 1.92 -7.25 
4 17.33 8.98 4.83 1.93 -6.25 
5 18.85 9.13 4.90 2.07 6.00 
6 17.70 9.00 4.53 1.97 -3.00 
7 17.40 8.67 4.60 2.01 0.67 
8 17.65 8.90 4.60 1.98 -1.50 
9 18.97 8.83 4.53 2.15 13.00 
10 17.92 9.26 4.78 1.94 -6.00 
11 17.36 8.76 4.60 1.98 -1.60 
12 18.03 9.03 4.48 2.00 -0.33 
13 17.8 8.9 4.9 2.00 0.00 
14 18.03 9.10 4.47 1.98 -1.67 
15 18.67 8.93 4.43 2.09 8.00 
16 16.77 8.43 4.57 1.99 -1.00 
17 18.20 8.90 4.80 2.04 4.00 
18 17.83 8.80 4.57 2.03 2.33 
19 17.23 8.97 4.60 1.92 -7.00 
20 18.00 9.03 4.73 1.99 -0.67 
21 17.73 8.90 4.63 1.99 -0.67 
22 17.60 12.20 4.70 1.44 -68.00 
23 17.67 8.90 4.67 1.99 -1.33 
24 16.87 8.90 4.57 1.90 -9.33 
25 17.68 8.98 4.80 1.97 -2.75 
26 17.40 8.90 4.52 1.96 -4.00 
F7- 16.8 8.775 4.85 1.91 -7.50 
T8 18.775 8.75 4.925 2.15 12.75 
29 17.4 8.95 4.55 1.94 -5.00 
,v 1 9,0 -ý3 4-k7- 
1'97 '53 -3. 
Std. 
Dev. 
0.580 0.629 
I 
0.143 0.12 -6.77 
II 
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Appendix 9.11:, Percental! e Reduction in Costs when Compared with a Bricks/Mortar 
Ratio of 5.0 with Cost Polarities Less than One of Bricks and Mortar 
Case Cost Polarity Volume of Bricks/ 
MortarRatio 
Percentage reduction 
in costs 
1 0.95 3 0.43 
2 0.8 
1 1.74 
2 0.9 3 0.91 
2 
. 
1.82 
........ ....................... -" ,, - 1 3 . 
64 4 
3 0.85 3 1.43 
2 2.86 
1 5.71 
4 0.8 3 2.00 
2 4.00 
1 8.00 
0.75 3 2.63 
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11 -0.45 3 8.46 
2 16.92 
1 33.85 
12 0.4 3 10.00 
1 2 20.00 T 
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Appendix 9.12: Factors Affecting Cost Polarities 
Various factors affect cost densities of bricks and mortar, which in turn has an impact on cost 
polarity. These factors have been pulled together from information available in the Thesis. 
Bricks Mortar 
Types/size of brick Type of mortar and mix proportions: 
Cement sand, cement lime sand, mud mortar etc. 
Whether sand is sieved or not. 
Type/brand of cement, type of sand: 
Cement: OPC, Masonry cement, etc. 
Sand: Fine, medium or Coarse 
Bulking at source and use. 
Arrangements for correct proportioning of mortar 
mixes; Method of mixing mortar 
Wastage (with respect to type of brick, source, Wastage of aggregate materials and 
height of floor above ground) mortar 
Attitudes of consulting engineers (as for example 
whether there is a ban on the use of brick bats) 
Purchasing arrangements (use of regular suppliers, use own transport syEtem, or from hardware shops) 
Locality of site: Geographically, city, suburb 
Sources (kilns, sand harvesting sites) and prices 
Capacity of sources to supply/Proximity to sources 
Transport costs (For delivering from source to site, and from point of unloading to eventual use) 
Seasonal variation in prices 
Contractual provisions for cost-reimbursement 
Appendix 9.13: Labour only Sub-Contract Rates in Residential Construction 
The author researching has pointed out that sub-contract used in residential construction is 
higher than those given by main contractors to sub-contractors. (Abeysekera, 1990). 
Average rates (Rs. / Cube) 
Year Architect I Architect 2 Architect 3 Architect 4 
1988 416.67(2) 480.00 693.33 604.09 
1989 525.00(2) 525.00 840.00 654.43 
1990 512.14(7) 650.00 966.67 755.12 
1991 1066.67(2) 750.00 1000.00 780 * 29 1992 833.33(2) 800.00 1033.33 888.97 
1993 900.00(2) 900.00 1066.67 1006.82 
1994 913.19(6) 1100.00 1333.33 1157.84 
1995 1266.67(2) 1350.00 1 1733.33 1422.13 
1996 1066.67(2) 1400.00 1 1933.33 1623 
Data given within parenthesis refer to number in sample. 
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Appendix 10.1: Questionnaire on regional information on brickwork construction 
QUESTIONNAIRE ON 
REGIONAL INFORMATION ON BRICKWORK CONSTRUCTION 
Name: .............................................................................................................................................................. 
Name and address of company: ..................................................................................................................... 
........................................................................................................................................................................ 
Telephone/Fax: .............................................................................................................................................. 
Ql. Do dimensions of burnt clay bricks conform with the relevant Standard for bricks in your 
country? 
................................................................................................................................................ 
Q2. Do the sizes of burnt clay bricks vary from region to region? .................................................. 
Q3. State the size of bricks used in your city? 
Specified (in drawings and BoQs) : ...................................................................................... 
Actual (on measurement): ................................................................................................... 
Q4. What are the sizes of walls built with burnt clay bricks? 
Specified (in drawings and BoQs) : ...................................................................................... 
Actual (on measurement) : ................................................................................................... 
Q5. What is the thickness of bed mortar and wall thickness? 
Bed Mortar Wall Thickness 
Specified : ............................................................................................................................. 
Actual (on measurement) : ................................................................................................... (Note: It is mvortant that it is measured) 
Q6. What are the common mixes used for brickwork? 
........................................................................................................................................................... 
........................................................................................................................................................... 
........................................................................................................................................................... 
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Q7., What type of sand is used? Coarse/Mediprn/Fine grained. 
Q8. Are brickwork done on piece rates ? If Yes, please give current rates: 
For one brick thick walls in ground floor (i. e. 215 mm walls): Rs . .................................................. 
For half brick thick walls in ground floor (i. e. 112.5 mm walls): Rs ................................................ 
Q9. 
, 
What are the prices of materials? 
Materials: 
Portland Cement (50 kg): ................................................................................................................. Other cement (specify): . ............................................................................................................... 
Sand (per cube): ................................................................................................................................ 
Other materials: ................................................................................................................................ 
........................................................................................................................................................... 
........................................................................................................................................................... 
Q10. What are the wages paid to labour (all inclusive)? 
Bricklayer: ........................................................................................................................................ 
Labour: ............................................................................................................................................... 
Other labour (specify): ..................................................................................................................... 
........................................................................................................................................................... 
........................................................................................................................................................... 
Q11. How do you estimate the price of brickwork: (Please attach photocopies of any sheets, if 
possible) 
Q12. Any other comments: 
........................................................................................................................................................... 
........................................................................................................................................................... 
........................................................................................................................................................... 
........................................................................................................................................................... 
Your cooperation is much appreciated. Thank you. 
Eng. W. V. K.. M. Abeysekera 
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IIE A nedix 10.2: ' Responses Received for Questionnaire on 'Regional Information on 
Brickwork Construction' 
(A) Name. - Mir Zahir Hossain 
Name and address of company: Mir Akhter Hossain Ltd. 
House #13, Road #12, Dhanmondi RIA, Dhaka 1209 
Bangladesh 
Telephone/Fax: 880-2-810131,810997 Fax: 880-2-810992 
------------------------------ --------------------------- -- - --------------------------------- - ---- 
01. Do dimensions of burnt clay bricks conform with the relevant Bangladesh 
Standard? 
Seldom conforms. 
02. Do the sizes of burnt clay bricks vary from region to region? Yes. 
03. State the size of bricks used in your city? 
Specified (in drawing and BoQs) 9 112 11 x4 112 11 x2 31411 
Actual (on measurement) 9112"-9" x 4-4112"x 
2 314" -2 112" 
04. What are the sizes of walls built with burnt clay bricks? 
Specified (in drawings and BoQs) 10" and 511 
Actual (on measurement): Vaties. 9"- 911211and411211to4l, 
05. What is the thickness of bed mortar and wall thickness? 
Bed Mortar Wall Thickness 
Specified 318-1-1 318" 
Actual (on measurement) varies 318". 5181,318yy - 314" 
o6. What are the common mixes usedfor brickwork? 
For 10 " thick brickwork 1: 6 (cement: medium sand) 
For 5: thick brickwork 1: 4 (do-) 
07. What type of sand is used? Coarse/Mediurn/Fine grained: Medium 
08. Are brickwork done on piece rates? If yes, please give current rates: 
For one brick thick walls in ground floor (i. e. 215 mm walls): 
TK. 60.00 ( ........ cost of materials) For half brick thick walls in ground floor (i. e. 112.5 mm walls): 
TK 30.00 ( ....... cost of materials) 
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09. 'What are the prices of materials? 
Materials: 
Portland Cement (50 kg): TK260.00per5O kg hag at source 
Other cement (Specify): White cement @ TK 650.00 per 40 kg bag 
Sand per (cube): TK 700- per cubicfeet 
Other materials: Brick - TK 2.30 each at source 
10. , What are the wages paid to labour (all inclusive)? 
Bricklayer: TK. 160.00perday 
, Labour TK. 85.00perday 
Other labour (specify) Plumber C@ TK 180.00 per day 
Painter @ TK 180.00 per day 
Carpenter @ TK 180.00 per day 
How do you estimate the price of brickwork: (Please attach photocopies of any 
sheets, if possible). 
(Given below. ) 
12 Any other comments: 
The dimensions of kiln burnt brick which constitute more than 95% of the total 
bricks manufactured in the country do not always conform exactly to angladesh 
standard but machine made bricks do. 
Analysis of Rate 
Haýfbrick thick walls in groundfloor (i. e. 112.5 mm walls) 
Basis: 100 s. ft. 
1. Bricks 480 nos. @ Tk 2.70 each (in1c. carriage) = Tk 1,296.00 
2. Medium Sand 17 c. ft @ Tk 9.50 per c. ft (in1c. carriage) = Tk 161.50 
3. Cement 2.60 bags @ Tk 265.00 per bag (in/c. carriage) = Tk 689.00 
4. Labour charges @ Tk 2.50 per sfit. = Tk 250.00 
5. Local carriage L. S. = Tk 20.00 
6. Scaffolding & sundries LS. = Tk 45.00 
Tk 2,461.50 
Contractor's Overhead 6% = 77c 147.69 
Income Tax, VAT 7% = Tk 172.31 
Profit 10% = Tk 24o. 15 
Tk 3,027.65 
So, Rate 3.027-65 = Tk 30.? 7per sfit, say = Tk 30.00per s. ft. 
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(B) Name: Enzr. Md. Rezaul Karim 
Name and address of company: Basic Engineering Limited 
H-86 (First Floor), New Airport Road, 
Banani, Dhaka-1213, Bangladesh 
Telephone/Fax: 885221-5,885200 Fax., 880-2-881040 
--------------------------------------------------------------------------------------------------------- 
01. Do dimensions of burnt clay bricks conform with the relevant Bangladesh 
Standard? 
Machine made Bricks confirm but Hand made Bricks differs. 
02. Do the sizes of burnt clay bricks vary from region to region 
Not much. 
03. State the size of bricks used in your city? 
Specified (in drawing and BoQs) 9112" x4112"x2314" 
Actual (on measurement) 9 112 "x4 112 "x2 112 " 
04. What are the sizes of walls built with burnt clay bricks? 
Specified (in drawings and BoQs) 10". 5" & 3" 
Actual (on measurement) 10"1 5" & 3" 
W. What is the thickness of bed mortar and wall thickness? 
Bed Mortar Wall Thickness 
Specified 1129) IOPJI 
Actual (on measurement) 11211- 31411 10Y. 9 
(Note: It is important that it is measured) 
06. 
07. 
08. 
What are the common mixes used for brickwork? 
1.4 and 1: 6 
What type of sand is used? Coarse/Mediurn/Fine grained: Fm (1.8) 
Are brickwork done on piece rates If yes, please give current rates: 
For one brick thick walls in ground floor (i. e. 215 mm walls): 
0/ 2 250mm TK 25 m 
For half brick thick walls in ground floor (i. e. 112.5 mm walls): 
0/ 2 125mm TK 45 m 
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09. "', What are the'prices of materials? 
Materials-, 
Portland Cement (50 kg): TK 2601- 
Sand per cube: TK 3801m 
Other materials: Brick - TK 3000.00 
10. What are the wages paid to labour (all inclusive)? 
Bricklayer: Ordinary Labour 801- 
Labour Skilled Labour 100A 
Other labour (specify) Mason ' 1501- 
Head Mason 180- 
How do you estimate the price of brickwork: (Please attach photocopies of any 
sheets, if possible) 
First class brick work (1: 4) in superstructure wall 
12 Any other comments: 
For 100 c. ft of work- 
L Brick 1100 Nos @ TK 30001per % no. TX 3,3001- 
Z Cement 6 bags @ TK 2601- per bag TK 1,5601. 
3. Sand (F. M. 1: 5) 40 c. ft TK 1100 per % c. ft TK 4401. 
4. Head Mason 0.1 Nos TX 180.00 each TK 181- 
5. Mason 1.0 Nos TK 150.00 each TK 1501- 
6. Ordinary Labour 2.5 Nos TK 801- TK 2001- 
Z Skilled Labour I no. TK 100/- TK 100/- 
8. Curing (7 days) @ 114 labour 1.75 Nos @ 70/- TK 122150 
9. Local carrying and sundries LS. TK 501- 
10. Scaffolding LS. TK 5,99150 
Profit & Overhead 20% TK 1.198110 
Total TK 7,188160 
Rate per Cicm TK Z538.20, Say TK 2,538150 
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(C) Name: Eng. A. K. M. Shamsul Huda 
Name and address of company: Rana Construction Co. Ltd 
512 Block-B, Gaznabi Road, Mohammadpur 
Dhaka, Bangladesh 
Telephone/Fax: 8616678 Fax. - 880-2-816680 
------------------------------------------------------------------------------------------------------------- 
01. Do dimensions of burnt clay bricks conform with the relevant Bangladesh 
Standard? 
No, it does not. 
02. Do the sizes of burnt clay bricks vary from region to region 
It even variesfromfield tofteld in the same region. 
03. State the size of bricks used in your city? 
Specified (in drawing and BoQs) 9112 11 x 4112 11 x 231411 
Actual (on measurement) 9" x4 112" x2 51811 
9114"x 4114"x 2 112"- 2 31411 
04. What are the sizes of walls built with burnt clay bricks? 
Specified (in drawings and BoQs) 10" and 511 thick 
Actual (on measurement) 9114" to 9112 "and 411411 to 4112 
05. 
0 
07. 
08. 
What is the thickness of bed mortar and wall thickness? 
Bed Mortar Wall Thickness 
Specified 318 J` 10"and 511 with plaster 
Actual (on measurement) 114" - 112" 9314 "- . 10 114 --' and 4314" - 5114'y with plaster 
What are the common mixes used for brickwork? 
1: 6for 10 " wall and 1: 4 or 1: 5for 5" walL 
What type of sand is used? Coarseý/Mediurnffiine grained: Medium (FM 1.30) 
Are brickwork done on piece rates If yes, please give current rates: 
Labour rate only 
For one brick thick walls in ground floor (i. e. 215 mm walls): 
TK. - 4/20 per cubicft. 
For half brick thick walls in ground floor (i. e. 112.5 mm walls): 
TK 2175 per cubicft. 
[I US$ = 42: 25 TK (Taka)] 
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09. What are the prices of materials? 
Materials: 
Portland Cement (50 kg): TK2601- 
Other cement (Specify): No other cement manufactured in Bangladesh 
Sand per (cube): TK 8150 per cub1cfeet 
Other materials: Bricks- TK 2700 per 1000 Nos 
10. What are the wages paid to labour (all inclusive)? 
Bricklayer: TK., 150 - 180 per 8 hours 
Labour TK 60 - TK 70 per 8 hours 
Other labour (specify) Rod Binder - TK 180-200 per 8 hours 
Carpenter - TK 180-250 per 8 hours 
How do you estimate the price of brickwork: (Please attach photocopies of any 
sheets, if possible). 
Per 100 cubic feet (10" thick wall) 
Bricks - 1150 nos 
Sand - 36 cubic feet 
Cement -5 bags 
Mason -2 nos (2nos) 
Labour- 3 nos (3nos) 
12 Any other comments: 
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(D) Name: M Muiibur Rahman 
Name and address of company: Bangladesh Association of Construction Industry 
ABC House, 5th Floor, 8 Banani C. A. 
Dhaka - 1213, Bangladesh 
Telephone/Fax: 880-2-888202,884754 Fax: 880-2-883085 
------------------------------------------------------------------------------------------------------------ 
01. Do dimensions of burnt clay bricks conform with the relevant Bangladesh 
Standard? 
Yes. 
02. Do the sizes of burnt clay bricks vary from region to region? 
No. 
03. State the size of bricks used in your city? 
Specified (in drawing and BoQs) 9112 "x 4112 "x 2314 
Actual (on measurement) 9112 "x 4112 "x 2112 
City/Region Dhaka, Bangladesh 
04. What are the sizes of walls built with burnt clay bricks? 
Specified (in drawings and BoQs) Superstructure 10" thick 
Actual (on measurement) 10 " thick including plaster 
05. What is the thickness of bed mortar? ( Usually 10mm, but actual site 
measurements 
have shown it to be much greater) 
Specified 112 -*j' 
Actual (on measurement) varies 318 "- 12 
06. 
07. 
os. 
What are the common mixes used for brickwork? 
For 10 " thick walls 1: 6 (cement: medium sand) 
For 5" thick Partition walls 1: 4 
What type of sand is used? Coarse/Medium/Fine grained: 
Medium sand 1: 00 F. M. to 1: 5 F. M. 
Are brickwork done LABOUR ONLY on piece rates? 
if yes, please give current rates: 
For one brick thick walls in ground floor (i. e. 215 mm walls): 
TX 300.00 
For half brick thick walls in ground floor (i. e. 112.5 mm walls): 
TK 200.00 
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09. What are the prices of materials? 
Materials: 
Burnt Clay bricks (per 1000): 
Rs. 4,500.00 Size (specify) 
Rs. 3,000.00 Size (specify) 
Portland Cement (50 kg): 
Other cement (Specify): 
Sand per (cube): 
Other materials: 
9112 "x 4112 "x 2314 " Machine made Brick 
91112 "x 4112 "x 2314 " Hand mould Bricks 
TK 2501- (best quality) 
TK 2201- to 2401- 
TK 101- per cube 
Scaffolding materials etc. 
10. What are the wages paid to labour (all inclusive)? 
Bricklayer: Rs: 150.00 per day 
Labour Rs: 80.00 per day 
Other labour (specify) 70.00 per day 
How do you estimate the price of brickwork: (Please attach photocopies of any 
sheets, if possible). 
10 " thick and above are 100 cubicfeet as under. 
12 Any other comments: 
a. Bricks 1150 nos per % c. ft. 
b. Cement 4112 bags per % c. ft. 
C. Sand 33 aft per % aft 
A list our registered member contractors are enclosed. Thank you. 
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(E) Name: Engr. Aminul Islam, Managing Director 
Name and address of company: Project Builders Ltd, 
6921B Bara Mogh Bazar, Dhaka-1217, 
Bngladesh 
Telephone/Fax: 837037,837038 Fax: 880-2-836726 
---- -------------------------------------------------------------------------------------------------------- 
01. Do dimensions of burnt clay bricks conform with the relevant Bangladesh 
Standard? 
Urban area 2-3% variation, Rural area upto 5% 
02. Do the sizes of burnt clay bricks vary from region to region? 
No. 
03. State the size of bricks used in your city? 
Specified (in drawing and BoQs) 10"x YIx 511 
Actual (on measurement) 9 314`9 x2 31411 x4 112 
04. What are the sizes of walls built with burnt clay bricks? 
Specified (in drawings and BoQs) 5" and 10" - occasionally 15 
Actual (on measurement) 4112", 911211to 93141, 
05. What is the thickness of bed mortar and wall thickness? 
Bed Mortar Wall Thickness 
Specified 114" 5", 10" 
Actual (on measurement) 114" - 112" 5", 10" 
(Note: It is important that it is ineasured) 
o6. What are the common mixes used for brickwork? 
1: 4 and 1: 6 (Cement., Sand) 
07. What type of sand is used? Coarse/Mediurn/Fine grained: Medium sand 
08. Are brickwork done on piece rates? If yes, please give current rates: Yes. 
For one brick thick walls in ground floor (i. e. 215 mm walls): 
Tk- 53.00 per C. ft. 
For half brick thick walls in ground floor (i. e. 112.5 rnm walls): 
77c 28.00 per sq. ft. 
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09. What are the prices of materials? 
Materials: 
Portland Cement (50 kg): TK2101- 
Other cement (specify): Tk 8001- (Onoda - White Cement) 
Sand per cube: Coarse Sand Tk 151- per c. ft., Medium Tk 71- per c. ft. 
Othermaterials: Brick - TK2700.00per %0 Nos. 
Stone chips - 521- per c. ft. 
Rebars - 22,000/- per M. Ton 
Timber (av. ) - 12001- per c. ft. 
Unit of Bangladesh currency is Taka (Tk) 
10. What are the wages paid to labour (all inclusive)? 
Bricklayer: Tk 150.00 per day 
Labour Tk 60.00 per day 
Other labour (specify) Plasterer Tk 1501- 
Mosaic mason Tk 1501- 
Carpenter 77c 1501- 
Painter Tk 150. - 
Electrician 77c 1501- 
Concretor Tk 150- 
Excav. Worker Tk 801- 
Rebarfabri- Tk 1501- 
cator 
How do you estimate the price of brickwork: (Please attach photocopies of any 
sheets, if possible) 
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RATEANALYSIS 
Item 10 " thick brickwork (1: 6) 
Basis 100 c. ft. 
(a) Cost of basic materials I 
Bricks 1100nos @R 27001- per %o Nos. R 2970.00 
Sand 36c. ft @ Tk 7/- per c. ft. Tk 252.00 
Cement -f bags @ Tk 2101- per bag. Tk 840.00 
(b) Cost of auxiliary materials 
Scaffolding, T&P 
(c) Labour charges , Brickwork 
(d) Tar + Establishment + Profit 20% 
on (a +b+ c) 
Total Tk 5300.40 
Say Tk 5300.00 
Unit Rate in Tk 531- per c. ft. 
12 Any other comments: 
Burnt bricks here are now availablefrom two sources. 
Tk 30.00 
Tk 325.00 
Tk 441Z50 
Tk 883.40 
Ordinary kiln bricks and machine made bricks. Obviously the machine made ones 
are more accurate in shape and strength. Average crushing strength of bricks is 
16 KNICm2, Water absorptionfor kiln brick is about 18% and thatfor machine 
made is 14%. 
Hope this will be of some assistance to you. If further info. are required don't 
hesitate to contact me. Wishing you a happy completion ofyour Ph. D. 
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(F) Name: Enjzr. Mustaftizur Rahman 
Name and address of company: National Development Engineers Ltd. 
House # 36, Road # 115, Gulshan 
Dhaka -1212, Bangla(4esh 
Telephone/Fax: 870753-55,610676,8704101880-2-884549 
------------------------------------------------------------------------------------------------------------- 
01. Do dimensions of burnt clay bric4 conform with the relevant Bangladesh 
Standard? 
Yes it does. The standard brick size is 238mm x 112.5 mm x 69 mm. 
02. Do the sizes of burnt clay bricks vary from region to region 
No. 
03. State the size of bricks used in your city? 
Specified (in drawing and BoQs) 238 mm X 112.5 mm x 69 mm 
Actual (on measurement) 238± 10 mm x 112.5±5 mm 
04. 
05. 
What are the sizes of walls built with burnt clay bricks? 
Specified (in drawings and BoQs) 125mm, 250 min & 
Actual (on measurement) 132 - 142 mm, 250 min to 272 min 
& above. 
What is the thickness of bed mortar and wall thickness? 
Bed Mortar Wall Thickness 
Specified 6mm 125mm, 250mm & 
above 
Actual (on measurement) 6mm to 12mm 125mm, 250thm & 
above 
(Note: It is important that it is measured) 
o6. What are the common mixes used for brickwork? 
For 125mm thick brickwork 1: 4 (cement: medium sand) 
For 250mm thick brickwork 1: 6 (cement: medium sand) 
07. What type of sand is used? Coarse/Medium/Fine grained: Medium 
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08. Are brickwork done on piece rates If yes, please give current rates: Yes. 
For one brick thick walls in ground floor (i. e. 215 mm walls): 
US$ 48. OOICum 
For half brick thick walls in ground floor (i. e. 112.5 mm walls): 
US$ 8.40ISqm 
09. What are the prices of materials? 
Materials: 
Portland Cement (50 kg): US$ 6.20 
Other cement (specify): 
Sand per cube: Medium Sand, US$ 8.401Cum 
Coarse Sand US$11.00Cum 
Other materials: 
10. What are the wages paid to labour (all inclusive)? 
Bricklayer: US$ 6.30 per person per day (8 hours) 
Labour US$ 1.90 per person per day (8 hours) 
Other labour (specify) Semi skilled assistant to brick layer US$ 2.38 per 
person per day (8 hours) 
11. How do you estimate the price of brickwork: (Please attach photocopies of any 
sheets, if possible) 
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I RATE ANALYSIS 
Name of work. -10" Brickwork (1: 6) in groundfloor 
A. Item no. QI I 
Name of work., 10" Brickwork (1: 6) in groundfloor 
A. Q UANTITY CONSIDERED : 2.83 cum (100.00 c. ft) 
SLN, o. Description Unit Quantity Rate Amount 
1. Material Cost 
a. Brick Ist class Nos. 1,000.00 2.50 2,750.00 
b. Sand (M) CA 36.00 9.00 324.00 
c. Cement gray Bag 4.00 260.00 1,040.00 
2. Labour Cost 
a. Brick layer Each 1.00 150.00 150.00 
b. Semi-skilled labour Each 1.00 100.00 100.00 
c. Ordinary labour Each 2.00 80.00 160.00 
d. Labourfor Curing Each 0.25 80.00 20.00 
3. Auxiliary Works 
a. Scaffolding Lot 1.00 20.00 20.00 
4. Miscellaneous Cost 
a. Tools & Plants Lot 1.00 10.00 10.00 
B. TOTAL(1+2+3) Tk. 4574.00 
C. CONTRACTORS PROFIT& TAX@ 12.00% Tk- 548.88 
D. OVERHEAD @ &00% 77c. 365.92 
E. TOTAL(B+C+D) Tk 5488.80 
F. VA T@4.50% Tk 24700 
G. GRAND TOTAL (E+F) Tk 5735.80 
H. UNITRATE(GIA) =TK2026.78 
SAY, RATEPER CUM =TK2026-00 
12 Any other comments: 
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(G) Name: En, -r. Md Mizanur Rahman, Managingo Director 
Name and address of company: Concord Pragatee Consortium Ltd 
5110 Lalmatia, Housing Society, Block -D 
Dhaka -1207, Bangladesh 
Telephone/Fax: 816163,9117607 Fax: 880-2-816513 
-------------------------------------------------------------------------------------------------------------- 
01. Do dimensions of burnt clay bricks conform with the relevant Bangladesh 
Standard? 
According to Bq (PWD): 235 mm x 110 mm x 70 mm 
02. Do the sizes of burnt clay bricks vary from region to region 
Yes. 
03. State the size of bricks used in your city? 
Specified (in drawing and BoQs) 235mmXIIOmmx7Omm 
Actual (on measurement) 240 mm x 110 mm x 70 mm 
04. What are the sizes of walls built with burnt clay bricks? 
Specified (in drawings and BoQs) 
05. 
06. 
Normally 250mmfor partition wall it may be 125mm 
Actual (on measurement) 240mm - 250 mm or 120 - 125 mm 
What is the thickness of bed mortar and wall thickness? 
Bed Mortar Wall Thickness 
Specified 20mm 280min 
Actual (on measurement) 15-20mm 265-275 inin 
135-150 min for 
partition wall 
(Note: It is important that it is measured) 
What are the common mixes used for brickwork? 
Usually in mortar, cement sand ratio is 1: 6for 250mm Brick Works. 
Sometimes in superstructure uses 1: 4 cement sand ratio 
For 125mm thick wall cement sand ratio is 1: 4 
07. What type of sand is used? Coarse/Medium/Fine grained: F. M. 1.5 
08.. Are brickwork done on piece rates If yes, please give current rates: 
It is usually done on the basis of Cu. nL 
For one brick thick walls in ground floor (i. e. 215 mm walls): 
For 250mm brickwork rate is 19571cu. m. 
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For half brick thick walls in ground floor (i. e. 112.5 mm walls): 
For 125mm brick work rate is Tk 277ISq. m. 
09. What are the prices of materials? 
Materials: 
Portland Cement (50 kg): Tk 240 - 250IBag 
Other cement (specify): 
Sand per cube: Local sand of F. M. 1.5 Rate Tk 280ICu. m. 
Other materials: (I) M. S. (Rod) -Deformed 275 Mpa: 25,000 Tk_ Tonne 
(H)M. S. (Rod) -Deformed 410 Mpa: 28,000 TkITonne 
(iii) Stone Boulder: Tk 12001Cu. m. 
(iv) Bricks Tk 2800 %o Nos. 
10. What are the wages paid to labour (all inclusive)? 
Bricklayer: 
Labour Skilled Labour : Tk 801day 
Other labour (specify) Unskilled: Tk 60. day 
Head Mason : Tk- 1801day, Mason Tk. 1501day 
Carpenter: &. 1501day 
M. S. Rod binder: Tk 1501day 
How do you estimate the price of brickwork: (Please attach photocopies of any 
sheets, if possible) 
ANALYSIS SHEET 
A. Brickwork in Foundation (1: 6) for 100 c. ft works. 
(a) Bricks 1100 Nos @ Tk 2800%0 Nos - Tk 3080.00. 
(b) Sand(F. M. 1.5) 36 c-ft @ Tk 800% c. ft - Tk 288.00 
(c) Cement 4.0 bags @ Tk 2501bag - Tk 1000.00 
(d) Had mason 0.10 nos @ Tk 1801day - Tk 18.00 
(e) Mason 1.0 no @ Tk 1501day - Tk 150.00 
(f) Skilled labour 1.0 no @ Tk 801day - Tk 80.00 
(g) Ordinary labour 1.5 no. @ Tk 601day - Tk 90.00 
(h) Curing (days) 1.75 nos @ Tk 501day - Tk 87.50 
LS. - Tk 25.00 
Contractor's Profit 10% - Tk 481.85 
Overhead expenses 5% - Tk 240.92 
Per cu. ft - Tk 55.41 
or Per cu. m. - Tk 1956.53 
Say Tk. 1957.001cu. m. 
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B. Brickwork in superstructure (1: 6) for 100 c. ft (Groundfloor) 
(a) Brick work as per (A) - Tk 4818.50 
(b) Scaffolding Ls. - Tk 65.00 
(c) Extra Labourfor carriage I No. (a) Tk. 60 - Tk 60.00 
(d) Extra labourfor carriage I no. - Tk 60.00 
Total - Tk 5003.50 
Contractor's profit 10% 
Overhead expenses 5. % 
Grand Total 
Tk 500.30 
Tk 250.17 
Tk 5753.97 
Per cu. ft. - Tk 5754 
or per cu. m- Tk 2031.72 
Say Tk 203ZOO culm 
C 511 Brickwork (1: 6) in allfloorsfor 100 s. ft. work 
(a) Bricks 
(b) Sand (F. M. 1.5) 
(c) Cement 
(d) Headmason 
(e) Mason 
(f) Ordinary labour 
(g) Labourfor 
curing 
(h) Local carriage 
D. 
480 nos. @ 77c 2800%0 Nos - Tk 1344.00 
18 aft @ Tk 800% aft - Tk 144.00 
1.75 bgs @ Tk 2501bag - Tk 437.50 
0.10 hrs@ 77c 180 day - Tk 18.00 
1.50 nos @ Tk 1501day - Tk 75.00 
1.00 nos @ Tk 601day - Tk 60.00 
1.75 nos @ Tk 501day - Tk 87.50 
0.40 nos @ Tk 601day - Tk 24.00 
LS. - Tk 50.00 
Total - Tk 2240.00 
Contractor's profit 10% - Tk 240.00 
Overhead expenses 5% - Tk 112.00 
Grand Total - Tk 2592.00 
Brickwork (1: 4) in allfloorsfor 100 sq. ft work 
(a) Bricks 
(b) Sand (F. M. 1.5) 
(c) Cement 
(d) TotaldtohfromA 
480 nos. @ 2800 per %0 - Tk 1344.00 
17 c. ft 0 800 per %ft - Tk 136.00 
2.60 bags @ 250 - Tk 650.00 
- Tk 450.50 
Total - Tk 2580.05 
Contractor's profit 10% - Tk 258.05 
Overhead expenses 5.0% - Tk 129.0 
Grand Total - Tk 2967.61 
Per sq. ft. Tk 319.31 
or Say Tk 320.001sq. tti. 
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12 Any other conunents: 
Thank youfor your questionnaire. Ifyoufeelfor more requirements don't 
hesitate to contact with us. 
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